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ADDRESS OF THE PRESIDENT OF THE 
BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 


I. 


BaRTHOLOMEU D1Az, the discoverer of 
the Cape of Storms, spent sixteen months 
on his voyage, and the little flotilla of 
Vasco da Gama, sailing from Lisbon on 
July 8, 1497, only reached the Cape in the 
middle of November. These bold men, 
sailing in their puny fishing-smacks to 
unknown lands, met the perils of the sea 
and the attacks of savages with equal 
courage. How great was the danger of 
such a voyage may be gathered from the 
fact that less than half the men who sailed 
with da Gama lived to return to Lisbon. 
Four hundred and eight years have passed 
since that voyage, and a ship of 13,000 tons 
has just brought us here, in safety and 
luxury, in but little more than a fortnight. 

How striking are the contrasts presented 
by these events! On the one hand compare 
the courage, the endurance and the persist- 
ence of the early navigators with the little 
that has been demanded of us; on the other 
hand consider how much man’s power over 
the forces of nature has been augmented 
during the past four centuries. The ca- 
pacity for heroism is probably undimin- 
ished, but certainly the oecasions are now 
rarer when it is demanded of us. If we 
are heroes, at least but few of us ever find 
it out, and, when we read stories of ancient 
feats of courage, it is hard to prevent an 
uneasy thought that, notwithstanding our 
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boasted mechanical inventions, we are per- 
haps degenerate descendants of our great 
predecessors. 

Yet the thought that to-day is less ro- 
mantie and less heroie than yesterday has 
its consolation, for it means that the lot 
of man is easier than it was. Mankind, 
indeed, may be justly proud that this im- 
provement has been due to the successive 
efforts of each generation to add to the 
heritage of knowledge handed down to it 
by its predecessors, whereby we have been 
born to the accumulated endowment of cen- 
turies of genius and labor. 

I am told that in the United States the 
phrase ‘I want to know’ has lost the simple 
meaning implied by the words, and has be- 
come a mere exclamation of surprise. Such 
eould hardly 
currency except amongst a 
people knowledge. The 
dominance of the European race in Amer- 
ica, Australasia and South Africa has no 
doubt from many eauses, but 
amongst these perhaps the chief one is that 
not only do ‘we want to know,’ but also 
that we are determined to find out. And 
now within the last quarter of a century 
we have welcomed into the ranks of those 
who ‘want to know’ an oriental race, which 
has already proved itself strong in the 


a eonventional expression 


have gained 


who aspire to 


arisen 


peaceful arts of knowledge. 

I take it, then, that you have invited us 
because you want to know what is worth 
knowing; and we are here because we want 
to know you, to learn what you have to tell 
us, and to see that South Africa of which 
we have heard so much. 

The hospitality which you are offering 
us is so lavish, and the journeys which you 
have organized are so extensive, that the 
cynical observer might be tempted to de- 
scribe our meeting as the largest pienie on 
record, Although we intend to enjoy our 
pienie with all our hearts, yet I should like 
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to tell the eynie, if he is here, that perhaps 
the most important object of these confer- 
ences is the opportunity they afford for 
personal intercourse between men of like 
minds who live at the remotest corners of 
the earth. 

We shall pass through your land with 
the speed and the voracity of a flight of 
loeusts; but, unlike the locust, we shall, I 
hope, leave behind us permanent fertiliza- 
tion in the form of stimulated scientific 
and edueational activity. And this result 
will ensue whether or not we who have 
eome from Europe are able worthily to 
sustain the lofty part of prophets of sci- 
ence. We shall try our best to play to 
your satisfaction on the great stage upon 
which you eall on us to act, and if when 
we are gone you shall, amongst yourselves, 
pronounce the performance a poor one, yet 
the fact will remain, that the meeting has 
embodied in a material form the desire that 
the progress of this great continent shall 
not be merely material; and such an aspira- 
tion secures its own fulfilment. However 
small may be the tangible results of our 
meeting, we shall always be proud to have 
been associated with you in your efforts for 
the advancement of science. 

We do not know whether the last hun- 
dred years will be regarded forever as the 
seculum mirabile of discovery, or whether 
it is but the prelude to yet more marvelous 
eenturies. To us living men, who searcely 
pass a year of our lives without witnessing 
some new marvel of discovery or invention, 
the rate at which the development of 
knowledge proceeds is truly astonishing; 
but from a wider point of view the scale 
of time is relatively unimportant, for the 
universe is leisurely in its procedure. 
Whether the changes which we witness be 
fast or slow, they form a part of a long 
sequence of events which begin in some 
past of immeasurable remoteness and tend 
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to some end which we ean not foresee. It 
must always be profoundly interesting to 
the mind of man to trace successive cause 
and effeet in the chain of events which 
make up the history of the earth and all 
that lives on it, and to speculate on the 
origin and future fate of animals, and of 
planets, suns and stars. I shall try, then, 
to set forth in my address some of the at- 
tempts which have been made to formulate 
evoluticnary speculation. This choice of 
a subjeet has, moreover, been almost forced 
on me by the scope of my own scientific 
work, and it is, I think, justified by the 
name whieh I bear. It will be my fault 
and your misfortune if I fail to convey to 
you some part of the interest which is 
naturally inherent in such researches. 

The man who propounds a theory of 
evolution is attempting to reconstruct the 
history of the past by means of the cireum- 
stantial evidence afforded by the present. 
The historian of man, on the other hand, 
has the advantage over the evolutionist in 
that he has the written records of the past 
on which to rely. The discrimination of 
the truth from amongst discordant records 
is frequently a work demanding the highest 
qualities of judgment; yet when this end 
is attained it remains for the historian to 
convert the arid skeleton of facts into a 
living whole by clothing it with the flesh 
of human motives and impulses. For this 
part of his task he needs much of that 
power of entering into the spirit of other 
men’s lives which goes to the making of a 
poet. Thus the historian should possess 
not only the patience of the man of science 
in the analysis of facts, but also the imag- 
ination of the poet to grasp what the facts 
have meant. Such a combination is rare y 


to be found in equal perfection on both 
sides, and it would not be hard to analyze 
the works of great historians -so as to see 
Which quality was predominant in each of 
them. 


SCIENCE. 227 


The evolutionist is spared the surpassing 
difficulty of the human element, yet he also 
needs imagination, although of a different 
character from that of the historian. In 
its lowest form his imagination is that of 
the detective who reconstructs the story of 
a crime; in its highest it demands the power 
of breaking loose from all the trammels of 
convention and education, and of imagin- 
ing something which has never occurred to 
the mind of man before. In every ease the 
evolutionist must form a theory for the 
facts before him, and the great theorist is 
only to be distinguished from the fantastic 
fool by the sobriety of his judgment—a 
distinction, however, sufficient to make one 
rare and the other only too common. 

The test of a scientific theory lies in the 
number of facts which it groups into a 
connected whole; it ought besides to be 
fruitful in pointing the way to the dis- 
covery and coordination of new and pre- 
viously unsuspected facts. Thus a good 
theory, is in effect a eyclopedia of know!l- 
edge, susceptible of indefinite extension by 
the addition of supplementary volumes. 

Hardly any theory is all true, and many 
are not all false. A theory may be essen- 
tially at fault and yet point the way to 
truth, and so justify its temporary exist- 
ence. We should not, therefore, totally 
reject one or other of two rival theories on 
the ground that they seem, with our pres- 
ent knowledge, mutually inconsistent, for 
it is likely that both may contain important 
elements of truth. The theories of which 
I shall have to speak hereafter may often 
appear discordant with one another accord- 
ing to our present lights. Yet we must not 
scruple to pursue the several divergent 
lines of thought to their logical conclusions, 
relying on future discovery to eliminate the 
false and to reconcile together the truths 
which form part of each of them. 

In the mouths of the unscientifie evolu- 
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tion is often spoken of as almost synony- 
mous with the evolution of the various spe- 
cies of animals on the earth, and this again 
is sometimes thought to be practically the 
same thing as the theory of natural selec- 
tion. Of course those who are conversant 
with the history of scientifie ideas are aware 
that a belief in the gradual and orderly 
transformation of nature, both animate and 
inanimate, is of great antiquity. 

We may liken the faets on which theories 
of evolution are based to a confused heap 
of beads, from which a_ keen-sighted 
searcher after truth picks out and strings 
together a few which happen to catch his 
eye, as possessing certain resemblances. 
Until recently, theories of evolution in both 
realms of nature were partial and discon- 
tinuous, and the chains of faets were corre- 
spondingly short and disconnected. At 
length the theory of natural selection, by 
formulating the eause of the divergence of 
forms in the organie world from the pa- 
rental stock, furnished the naturalist with 
a clue by which he examined the disordered 
mass of facts before him, and he was thus 
enabled to go far in deducing order where 
ehaos had ruled before, but the problem of 
reducing the heap to perfect order will 
probably baffle the ingenuity of the investi- 
gator forever. 

So illuminating has been this new idea 
that, as the whole of nature has gradually 
been reexamined by its aid, thousands of 
new facts have been brought to light, and 
have been strung in due order on the neck- 
lace of knowledge. Indeed, the transfor- 
mation resulting from the new point of 
view has been so far-reaching as almost to 
justify the misapprehension of the unscien- 
tific as to the date when the doctrines of 
evolution first originated in the mind of 
man. 

It is not my object, nor indeed am I 
competent, to examine the extent to which 


[N.S. Vou. XXII. No. 556, 


the theory of natural selection has needed 
modification since it was first formulated 
by my father and Wallace. But I am 
surely justified in maintaining that the 
general principle holds its place firmly as a 
permanent acquisition to modes of thought. 
Evolutionary doetrines concerning in- 
animate nature, although of much older 
date than those which concern life, have 
been profoundly affected by the great im- 
pulse of which I have spoken, It has thus 
come about that the origin and history of 
the chemical elements and of stellar sys- 
tems now occupy a far larger space in the 
scientific mind than was formerly the ease. 
The subject which I shall discuss to-night 
is the extent to which ideas parallel to 
those which have done so much towards 
elucidating the problems of life, hold good 
also in the world of matter; and I believe 
that it will be possible to show that in this 
respect there exists a resemblanee between 
the two realms of nature, which is not 
merely fanciful. It is proper to add that 
as long ago as 1873 Baron Karl du Prel 
diseussed the same subject from a similar 
point of view, in a book entitled ‘The 
Struggle for Life in the Heavens.”? 
Although inanimate matter moves under 
the action of forees which are incompar- 
ably simpler than those governing living 
beings, yet the problems of the physicist 
and the astronomer are seareely less com- 
plex than those which present themselves 
to the biologist. The mystery of life re- 
mains as impenetrable as ever, and in his 
evolutionary speculations the biologist does 
not attempt to explain life itself, but, 
adopting as his unit the animal as a whole, 
discusses its relationships to other animals 
and to the surrounding conditions. The 
physicist, on the other hand, is irresistibly 
impelled to form theories as to the intimate 


‘Der Kampf um’s Dasein am Himmel (zweite 
Auflage), Denicke, Berlin, 1876. 
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.opstitution of the ultimate parts of mat- 
‘oy. and he desires further to piece to- 
oether the past histories and the future 
fates of planets, stars and nebule. If 
then the speculations of the physicist seem 
in some respects less advanced than those 
of the biologist, it is chiefly because he is 
more ambitious in his aims. Physicists 
and astronomers have not yet found their 
Johannesburg or Kimberley; but, although 
we are still mere prospectors, I am _ pro- 
posing to show you some of the dust and 
diamonds which we have already extracted 
from our surface mines. 

The fundamental idea in the theory of 
natural selection is the persistence of those 
types of life which are adapted to their 
surrounding conditions, and the elimina- 
tion by extermination of ill-adapted types. 
The struggle for life amongst forms pos- 
sessing a greater or less degree of adapta- 
tion to slowly varying conditions is held to 
explain the gradual transmutation of spe- 
Although a different phraseology is 
used when we speak of the physical world, 
vet the idea is essentially the same. 

The point of view from which I wish 
you to eonsider the phenomena of the 
world of matter may be best explained if, 
in the first instanee, I refer to political in- 
stitutions, beeause we all understand, or 
understand, something of 
polities, whilst the problems of physics are 
commonly far less familiar to us. This 
illustration will have a further advantage 
in that it will not be a mere parable, but 
will involve the fundamental conception of 
the nature of evolution. 

The complex interaetions of man with 
lan in a community are usually deseribed 
by such comprehensive terms as the state, 
the commonwealth, or the government. 
Various states differ widely in their con- 
stitution and in the degree of the complex- 
ity of their organization, and we classify 
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them by various general terms, such as 
autoeracy, aristoer , or democracy, which 
express somewiat loosely their leading 
characteristics. But, for the purpose of 
showing the analogy with physics, we need 
terms of wider import than those habit- 
ually used in polities. All forms of the 
state imply inter-relationship in the actions 
of men, and action implies movement. 
Thus the state may be described as a con- 
figuration or arrangement of a community 
of men; or we may say that it implies a 
definite mode of motion of man—that is 
to say an organized scheme of action of 
man on man. Political history gives an 
account of the gradual changes in such 
configurations or modes of motion of men 
as have possessed the quality of persistence 
or of stability to resist the disintegrating 
influence of surrounding circumstances. 

In the world of life the naturalist de- 
scribes those forms which persist as 
species; similarly the physicist speaks of 
stable jconfigurations or modes of motion 
of matter; and the politician speaks of 
states. The idea at the base of all these 
conceptions is that of stability, or the 
power of resisting disintegration. In other 
words, the degree of persistence or per- 
manence of a species, of a configuration of 
matter or of a state depends on the perfec- 
tion of its adaptation to its surrounding 
conditions. 

If we trace the history of a state we 
find the degree of its stability gradually 
changing, slowly rising to a maximum, and 
then slowly declining. When it falls to 
nothing a revolution ensues, and a new 
form of government is established. The 
new mode of motion or government has at. 
first but slight stability, but it gradually 
acquires strength and permanence, until 
in its turn the slow decay of stability leads 
on to a new revolution. 

Such erises in political history may give 











te 


rise to a condition in which the state is 
incapable of perpetuation by transforma- 
This tribe 


exterminates and 


when a savage 


tribe 


tion. oeceurs 


nearly another 
leads the few survivors into slavery; the 
previous form of government then becomes 
extinct. 

The physicist, like the biologist and the 
effeet of slowly 


varying external conditions; he sees the 


historian, watehes the 
quality of persistence or stability grad- 
ually deeaying until it vanishes, when 
there ensues what is called, in polities, a 
revolution. 

These considerations lead me to express 
a doubt whether biologists have been cor- 
rect in looking for continuous transforma- 
tion of species. Judging by analogy we 
should rather expect to find slight contin- 
uous changes occurring during a long 
period of time, followed by a somewhat 
sudden transformation into a new species, 
or by rapid extinction. However this may 
be, when the stability of a mode of motion 
vanishes, the physicist either finds that it 
is replaced by a new persistent type of 
motion adapted to the changed conditions, 
or perhaps that no such transformation is 
possible and that the mode of motion has 
become extinet. The evanescent type of 
animal life has often been preserved for us, 
fossilized in geologieal strata; the evanes- 
cent form of government is preserved in 
written records or in the customs of savage 
tribes; but the physicist has to pursue his 
investigations without such useful hints as 
to the past. 

The time-scale in the transmutation of 
species of animals is furnished by the geo- 
logical record, although it is not possible 
to translate that record into years. As 
we shall see hereafter, the time needed for 
a change of type in atoms or molecules 
may be measured by millionths of a see- 
ond, while in the history of the stars con- 
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tinuous changes occupy millions of years. 
Notwithstanding this gigantic contrast in 
speed the process involved seems to be es- 
sentially the same. 

It is hardly too much to assert that, if 
the conditions which determine stability of 
motion could be accurately formulated 
throughout the universe, the past history 
of the cosmos and its future fate would 
be unfolded. How indefinitely far we 
stand removed from such a state of knowl|- 
edge will become abundantly elear from 
the remainder of my address. 

The study of stability and _ instability 
then furnishes the problems which the 
physicist and biologist alike attempt to 
solve. The two elasses of problems differ 
principally in the faet that the conditions 
of the world of life are so incomparably 
more intricate than those of the world of 
matter that the biologist is compelled to 
abandon the attempt to determine the ab- 
solute amount of the influence of the vari- 
ous causes which have affected the existence 
of species. His econelusions are merely 
qualitative and general, and he is almost 
universally compelled to refrain from as- 
serting even in general terms what are the 
reasons which have rendered one form of 
animal life stable and persistent, and an- 
other unstable and evanescent. 

On the other hand, the physicist, as a 
general rule, does not rest satisfied unless 
he obtains a quantitative estimate of vari- 
ous causes and effects on the systems of 
matter which he discusses. Yet there are 
some problems of physical evolution in 
which the conditions are so complex that 
the physicist is driven, as is the biologist, 
to rest satisfied with qualitative rather than 
quantitative conclusions. But he is not 
content with such crude conclusions ex- 
cept in the last resort, and he generally 
prefers to proceed by a different method. 

The mathematician mentally constructs 
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an ideal mechanical system or model, 
whieh is intended to represent in its lead- 
ing features the system he wants to ex- 
amine. It is often a task of the utmost 
difficulty to devise such a model, and the 
investigator may perchance unconsciously 
drop out as unimportant something which 
is really essential to represent actuality. 
Ile next examines the conditions of his 
ideal system, and determines, if he ean, all 
the possible stable and unstable configura- 
tions, together with the circumstances 
which will eause transitions from one to 
the other. Even when the working model 
has been successfully imagined, this latter 
task may often overtax the powers of the 
mathematician. Finally it remains for 
him to apply his results to actual matter, 
and to form a judgment of the extent to 
which it is justifiable to interpret nature 
by means of his results. 

The remainder of my address will be oc- 
eupied by an aeeount of various investiga- 
tions which will illustrate the principles 
and methods which I have now explained 
in general terms. 

The fascinating idea that matter of all 
kinds has a common substratum is of re- 
mote antiquity. In the middle ages the 
alchemists, inspired by this idea, conceived 
the possibility of transforming the baser 
metals into gold. The sole difficulty 
seemed to them the discovery of an appro- 
priate series of chemical operations. We 
now know that they were always indefi- 
nitely far from the goal of their search, 
yet we must accord to them the honor of 
having been the pioneers of modern chem- 
istry. 

The object of alchemy, as stated in 
modern language, was to break up or dis- 
sociate the atoms of one chemical element 
into its component parts, and afterwards 
to reunite them into atoms of gold. Al- 
though even the dissociative stage of the 
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alehemistie problem still lies far beyond 
the power of the chemist, yet modern re- 
searches seem to furnish a sufficiently clear 
idea of the structure of atoms to enable 
us to see what would have to be done to 
effect a transformation of elements.  In- 
deed, in the complex changes which are 
found to oceur spontaneously in uranium, 
radium and the allied metals we are prob- 
ably watching a spontaneous dissociation 
and transmutation of elements. 

Nature selection may seem, at first sight, 
as remote as the poles asunder from the 
ideas of the alchemist, yet dissociation and 
transmutation depend on the instability 
and regained stability of the atom, and the 
survival of the stable atom depends on the 
principle of natural selection. 

Until some ten years ago the essential 
diversity of the chemical elements was ac- 
cepted by the chemist as an ultimate fact, 
and indeed the very name of atom, or that 
which can not be eut, was given to what 
was supposed to be the final indivisible 
portion of matter. The chemist thus pro- 
ceeded in much the same way as the biol- 
ogist who, in discussing evolution, accepts 
the species as his working unit. Accord- 
ingly, until recently the chemist discussed 
working models of matter of atomic struc- 
ture, and the vast edifice of modern chem- 
istry has been built with atomic bricks. 

But within the last few years the elec- 
trical researches of Lenard, Réntgen, Bee- 
querel, the Curies, of my colleagues Larmor 
and Thomson, and of a host of others, have 
shown that the atom is not indivisible, and 
a flood of light has been thrown thereby 
on the ultimate constitution of matter. 
Amongst all these fertile investigators it 
seems to me that Thomson stands pre- 
eminent, because it is principally through 
him that we are to-day in a better position 
for picturing the structure of an atom 
than was ever the ease before. 
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Even if I had the knowledge requisite 
for a complete exposition of these investi- 
gations, the limits of time would compel 
me to confine myself to those parts of the 
subjeet which bear on the constitution and 
origin of the elements. 

[It has been shown, then, that the atom, 
previously supposed to be _ indivisible, 
really consists of a large number of com- 
ponent parts. By various convergent lines 
of experiment it has been proved that the 
simplest of all atoms—namely, that of 
hydrogen—consists of about 800 separate 
parts; while the number of parts in the 
atom of the denser metals must be counted 
thousands. These separate 
parts of the atom have been ealled cor- 
puseles or electrons, and may be described 
as particles of negative electricity. It is 
paradoxical, yet true, that the physicist 
knows more about these ultra-atomie cor- 
puseles and ean more easily count them 
than is the ease with the atoms of which 
they form the parts. 

The corpuscles, being negatively electri- 
fied, repel one another just as the hairs on 
a person’s head mutually repel one another 
when combed with a vuleanite comb. The 
mechanism is as yet obseure whereby the 
mutual repulsion of the negative corpuscles 
is restrained from breaking up the atom, 
but a positive electrical charge, or some- 
thing equivalent thereto, must exist in the 
atom, so as to prevent disruption. The 
existence in the atom of this community 
of negative corpuscles is certain, and we 
know further that they are moving with 
speeds which may in some eases be com- 
parable to the volocity of light, namely, 
200,000 miles a second. But the mechan- 


by tens of 


ism whereby they are held together in a 
group is hypothetical. 

It is only just a year ago that Thomson 
suggested, as representing the atom, a me- 
chanical or electrical model whose prop- 
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erties could be accurately examined by 
mathematical methods. He would be the 
first to admit that his model is at most 
merely a crude representation of actuality, 
yet he has been able to show that such an 
atom must possess mechanical and electriec- 
al properties which simulate, with what 
Whetham describes as ‘almost Satanie ex- 
actness,’ some of the most obseure and yet 
most fundamental properties of the chem- 
ieal elements. ‘Se non @ vero, é ben 
trovato,’ and we are surely justified in be- 
lieving that we have the clue which the 
alchemists sought in vain. 

Thomson’s atom consists of a_ globe 
charged with positive electricity, inside 
which there are some thousand or thou- 
sands of corpuscles of negative electricity, 


revolving in regular orbits with great 
velocities. Since two electrical charges 


repel one another if they are of the same 
kind, and attract one another if they are 
of opposite kinds, the corpuscles mutually 
repel one another, but all are attracted by 
the globe containing them. The forces 
called into play by these electrical inter- 
actions are clearly very complicated, and 
you will not be surprised to learn that 
Thomson found himself compelled to limit 
his detailed examination of the model atom 
to one containing about seventy corpuscles. 
It is indeed a triumph of mathematical 
power to have determined the mechanical 
conditions of such a miniature planetary 
system as I have described. 

It appears that there are definite ar- 
rangements of the orbits in which the cor- 
puscles must revolve, if they are to be per- 
sistent or stable in their motions. For the 
purpose of general discussion, which is all 
that I shall attempt, you may take it that 
the number of corpuscles in such a com- 
munity is fixed; and we may state that 
definite numbers of corpuscles are capable 
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¢ association in stable communities of 


definite types. 

An infinite number of communities are 
possible, possessing greater or lesser de- 
erees of stability. Thus the corpuscles in 
one such community might make thousands 
of revolutions in their orbits before in- 
stability declared itself; such an atom 
might perhaps last for a long time as esti- 
mated in millionths of seconds, but it must 
finally break up and the corpuscles must 
disperse or rearrange themselves after the 
ejection of some of their number. We are 
thus led to conjecture that the several 
chemieal elements represent those different 
kinds of communities of corpuscles which 
have proved by their stability to be suc- 
cessful in the struggle for life. If this is 
so, it is almost impossible to believe that 
the suecessful species have existed for all 
time, and we must hold that they originated 
under conditions about which I must for- 
bear to follow Sir Norman Lockyer in 
speculating. 

Sut if the elements were not eternal in 
the past, we must ask whether there is 
reason to believe that they will be eternal 
in the future. Now, although the concep- 
tion of the decay of an element~and its 
spontaneous transmutation into another 
element would have seemed absolutely re- 
pugnant to the chemist until recently, yet 
analogy with other moving systems seems 
to suggest that the elements are not eternal. 

At any rate it is of interest to pursue to 
its end the history of the model atom which 
has proved to be so successful in imitating 
the properties of matter. The laws which 
govern electricity in motion indicate that 
such an atom must be radiating or losing 
energy, and therefore a time must come 
when it will run down, as a clock does. 
When this time comes it will spontaneously 
transmute itself into an element which 


needs less energy than was required in the 
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former state. Thomson conceives that an 
atom might be constructed after his model 
so that its deeay should be very slow, It 
might, he thinks, be made to run for a 
million years, but it would not be eternal. 

Such a conclusion is an absolute contra- 
diction to all that was known of the ele- 
ments until recently, for no symptoms of 
decay are perceived, and the elements exist- 
ing in the solar system must already have 
lasted for millions of years. Nevertheless, 
there is good reason to believe that in ra- 
dium, and in other elements possessing very 
complex atoms, we do actually observe that 
break-up and spontaneous rearrangement 
which constitute a transmutation of ele- 
ments. 

It is impossible as yet to say how science 
will solve this difficulty, but future discov- 
ery in this tield must surely prove deeply 
interesting. It may well be that the train 
of thought which I have sketched will ulti- 
mately profoundly affect the material side 
of human life, however remote it may now 
seem from our experiences of daily life. 

I have not as yet made any attempt to 
represent the excessive minuteness of the 
corpuscles, of whose existence we are now 
so confident; but, as an introduction to 
what I have to speak of next, it is necessary 
to do so. To obtain any adequate concep- 
tion of their size we must betake ourselves 
to a scheme of threefold magnification. 
Lord Kelvin has shown that if a drop of 
water were magnified to the size of the 
earth the molecules of water would be of a 
size intermediate between that of a cricket- 
ball and of a marble. Now each molecule 
contains three atoms, two being of hydro- 
gen and one of oxygen. The molecular 
system probably presents some sort of anal- 
ogy with that of a triple star; the three 
atoms, replacing the stars, revolving about 
one another in some sort of dance which 
ean not be exactly described. I doubt 
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whether it is possible to say how large a 
part of the space occupied by the whole 
molecule is occupied by the atoms; but per- 
haps the atoms bear to the molecule some 
such relationship as the molecule to the 
drop of water referred to. Finally, the 
corpuscles may stand to the atom in a sim- 
ilar seale of magnitude. Accordingly, a 
threefold magnification would be needed to 
bring these ultimate parts of the atom 
within the range of our ordinary scales of 
measurement. 

I have already considered what would be 
observed under the triply powerful micro- 
scope, and must now return to the inter- 
mediate stage of magnification, in which 
we consider those communities of atoms 
which form molecules. This is the field of 
research of the chemist. Although pru- 
dence would tell me that it would be wiser 
not to speak of a subject of which I know 
so little, yet I ean not refrain from saying 
a few words. 

The community of atoms in water has 
been compared with a triple star, but there 
are others known to the chemist in which 
the atoms are to be counted by fifties and 
hundreds, so that they resemble constella- 
tions. 

I coneeive that here again we meet with 
conditions similar to those which we have 
supposed to exist in the atom. Communi- 
ties of atoms are called chemical combina- 
tions, and we know that they possess every 
degree of stability. The existence of some 
is so precarious that the chemist in his 
laboratory can barely retain them for a 
moment; others are so stubborn that he ean 
In this ease disso- 
elation and reunion into new forms of com- 


barely break them up. 


munities are in ineessant and spontaneous 
ry’ 

lhe more 
persistent or more stable combinations sue- 
eeed in their struggle for life, and are 
found in vast quantities, as in the eases of 


progress throughout the world. 
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common salt and of the combinations of 
silicon, But no one has ever found a mine 
of guneotton, because it has so slight a 
power of resistance. If, through some 
accidental collocation of elements, a single 
molecule of guneotton were formed, it 
would have but a short life. 

Stability is, further, a property of rela- 
tionship to surrounding conditions; it de- 
notes adaptation to environment. Thus 
salt is adapted to the struggle for existence 
on the earth, but it ean not withstand the 
severer conditions which exist in the sun. 

G. H. Darwin. 


UNIVERSITY OF CAMBRIDGE. 


|The president here announced that he 
proposed to consider various theories of 
evolution in the heavens in the second por- 
tion of his address, to be delivered at 
Johannesburg on Wednesday, August 30.) 





ADDRESS TO THE MATHEMATICAL AND 
PHYSICAL SECTION OF THE BRITISH 
ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE. 
ACCORDING to an established and unchal- 
lenged custom, our proceedings are inaugu- 
rated by an address from the president. Let 
me begin it by discharging a duty which, 
unhappily, is of regular recurrence. If 
your president only mentions names when 
he records the personal losses suffered dur- 
ing the year by the sciences of the section, 
the corporate sense of the section will be 
able to appreciate the losses with a deeper 
reality than can be conveyed by mere words. 
In Mr. Ronald Hudson, who was one of 
our secretaries at the Cambridge meeting 
a year ago, we have lost a mathematician 
whose youthful promise had ripened into 
early performance. The original work 
which he had accomplished is sufficient, 
both in quality and in amount, to show that 
much has been given, and that much more 
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could have been expected. His alert and 
bright personality suggested that many 
happy years lay before him. All these fair 
hopes were shattered in a moment by an 
aceident upon a Welsh hillside; and his 
friends, who were many, deplore his too 
early death at the age of twenty-eight. 

The death of Mr. Frank McClean has 
robbed astronomy of one of its most patient 
workers and actively creative investigators. 
| wish that my own knowledge could enable 
me to give some not inadequate exposition 
of his services to the science which he loved 
so well. He was a man of great generosity 
which was wise, discriminating and more 
than modest; to wide interests in science he 
united wide interests in the fine arts. Your 
astronomer royal, in the Royal Observatory 
at Cape Town, will not lightly forget his 
vift of a great telescope: and the Univer- 
sity of Cambridge, the grateful recipient 
of his munificent endowment of the Isaac 
Newton studentships fifteen years ago, and 
of his no less munificent bequest of manu- 
scripts, early printed books, and objects of 
art, has done what she ean towards _per- 
petuating his memory for future genera- 
tions by ineluding his name in the list, that 
is annually recited in solemn service, of her 
benefactors who have departed this life. 

In the early days of our gatherings, when 
the set of cognate sciences with which we 
specially are eoneerned had not yet di- 
verged so widely from one another alike in 
subject and in method, this inaugurating 
address was characterized by a brevity that 
a president ean envy and by a freedom 
from formality that even the least tolerant 
audience could find admirable. The lapse 
of time, perhaps assisted by presidential 
ambitions which have been veiled under an 
almost periodie apology for personal short- 
comings, has deprived these addresses of 
their ancient brevity, and has invested them 
with an air of oraeular gravity. The topics 
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vary from year to year, but this variation 
is due to the predilection of the individual 
presidents; the types of address are but 
few in number. Sometimes, indeed, we 
have had addresses that can not be ranged 
under any comprehensive type. Thus one 
year we had an account of a particular 
school of long-sustained consecutive re- 
search; another year the president made a 
constructive (and perhaps defiant) defence 
of the merits of a group of subjects that 
were of special interest to himself. But 
there is one type of address which reeurs 
with iterated frequency ; it is constituted by 
a general account of recent progress in dis- 
covery, or by a survey of modern advances 
in some one or other of the branches of 
science to which the multiple activities of 
our section are devoted. No modern presi- 
dent has attempted a general survey of re- 
cent progress in all the branches of our 
group of sciences; such an attempt will 
probably be deferred until the council dis- 
covers a president who, endowed with the 
omniscience of a Whewell, and graced with 
the tongue of men and of angels, shall once 
again unify our discussions. 

On the basis of this practise, it would 
have been not unreasonable on my part to 
have selected some topic from the vast 
range of pure mathematics, and to have 
expounded some body of recent investiga- 
tions. There certainly is no lack of topies; 
our own day is peculiarly active in many 
directions. Thus, even if we leave on one 
side the general progress that has been 
made in many of the large branches of 
mathematics during recent years, it is easy 
to hint at numerous subjects which could 
occupy the address of a mathematical presi- 
dent. He might, for instance, devote his 
attention to modern views of continuity, 
whether of quantity or of space; he might 
be heterodox or orthodox as to the so-called 
laws of motion; he might expound his 


. 
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notions as to the nature and properties of 
analytic functionality; a discussion of the 
hypotheses upon which a consistent system 
of geometry can be framed could be made 
as monumental as his ambition might 
choose; he could revel in an account of the 
most recent philosophical analysis of the 
foundations of mathematics, even of logic 
itself, in which all axioms must either be 
proved or be compounded of notions that 
defy resolution by the human intellect at 
Such 
bound to be excessively technical unless 


the present day. discussions are 
they are expressed in unmathematieal phra- 
seology;: when they are so expressed, and 
in so far as such expression is possible, they 
become very long and they can be very thin. 
Moreover, had I chosen any topie of this 
character, it would have been the merest 
natural justice to have given early utter- 
ance of the sibyllie warning to the unini- 
tiated; I must also have bidden the initi- 
ated that, as they come, they should sum- 
mon all the courage of their souls. So I 
abstain from making such an experiment 
upon an unwarned audience; yet it is with 
that I 


in the range which to me is of peeuliar 


reluctance have avoided subjects 
interest. 

On the other hand, I must ask your in- 
dulgence for not conforming to average 
practice and expectation. My desire is to 
mark the present occasion by an address of 
unspecialized type which, while it is bound 
to be mainly mathematical in tenor, and 
while it will contain no new information, 
may do little mere than reeall some facts 
that are known, and will comment briefly 
Let me beg you 
after 
such 


upon obvious tendencies. 
that it 
novelty which has dictated my choice ; 
an ambition has a hateful facility of being 
fatal both to the performer and to the pur- 
It is the strangeness of our c¢ireum- 
beth place and time, that has 


to believe is no straining 


p Se, 


stances, 1n 
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suggested my subject. With an adven- 
turous audacity that quite overcrows the 
spirit of any of its past enterprises, the 
British Association for the Advancement 
of Science has traveled south of the Equa- 
tor and, in aecepting your hospitality, pro- 
poses to traverse much of South Africa. 
The prophet of old declared that ‘ many 
shall run to and fro, and knowledge shall 
be inereased ’; if the second part of the 
propheey is not fulfilled, it will not be for 
the want of our efforts to fulfill the first 
part. And if the place and the range of 
this peripatetic demonstration of our an- 
nual corporate activity are unusual, the 
occasion chosen for this enterprise recalls 
memories that are fundamental in relation 
to our subject. It is a modern fashion to 
observe centenaries. In this section we are 
in the unusual position of being able to ob- 
serve three scientific centenaries in one and 
the same year. Accordingly I propose to 
refer to these in turn, and to indicate a few 
of the events filling the intervals between 
them; but my outline ean be of only the 
most summary character, for the scientific 
history is a history of three hundred years, 
and, if searching enough, it could include 
the tale of nearly all mathematical and 
astronomical and physical science. 

It is exactly three hundred years since 
Bacon published ‘ The Advancement of 
Learning.’ His discourse, alike in matter, 
in thought, in outlook, was in advance of its 
time, and it exereised no great influence for 
the vears that immediately followed its ap- 
pearance; yet that appearance is one of the 
chief the origins of modern 
natural science. Taking all knowledge to 
be his provinee, he surveys the whole of 
learning: he deals with the discredits that 
then could attach to it; he expounds both 
the dignity and the influence of its pur- 
suit; and he analyzes all learning, whether 
of things divine or of things human, into 


events in 














Aveust 25, 1905.] 


its ordered branches. He points out de- 
ficiencies and gaps; not a few of his recom- 
mendations of studies, at his day remain- 
ing untouched, have since become great 
branches of human thought and human in- 
quiry. But what concerns us most here is 
his attitude towards natural philosophy, 
all the more remarkable because of the state 
of knowledge of that subject in his day, 
particularly in England. It is true that 
Gilbert had published his discovery of ter- 
restrial magnetism some five years earlier, 
a discovery followed only too soon by his 
death; but that was the single considerable 
English achievement in modern science 
down to Bacon’s day. 

In order to estimate the significance of 
Bacon’s range of thought let me recite a 
few facts, as an indication of the extreme 
tenuity of progressive science in that year 
(1605). They belong to subsequent years, 
and may serve to show how restricted were 
the attainments of the period, and how 
limited were the means of advance. The 
telescope and the microscope had not yet 
been invented. The simple laws of planet- 
ary motion were not formulated, for Kep- 
ler had them only in the making. Log- 
arithms were yet to be discovered by 
Napier, and to be ealeulated by Briggs. 
Deseartes was a boy of nine and Fermat a 
boy of only four, so that analytical 
veometry, the middle-life discovery of both 
of them, was not yet even a dream for either 
of them. The Italian mathematicians, of 
whom Cavalieri is the least forgotten, were 
developing Greek methods of quadrature by 
i transformed principle of indivisibles; 
but the infinitesimal caleulus was not 
really in sight, for Newton and Leibnitz 


were yet unborn. Years were to elapse be- 


fore, by the ecclesiastical tyranny over 
thought, Galileo was forced to make a 
verbal disavowal of his adhesion to the 
Copernican system of astronomy, of which 
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he was still to be the protagonist in pro- 
pounding any reasoned proof. Some 
mathematics could be had, cumbrous arith- 
metic and algebra, some geometry lumber- 
ing after Euclid, and a little trigonometry ; 
but these were mainly the mathematics of 
the Renaissanee, no very great advance upon 
the translated work of the Greeks and the 
transmitted work of the Arabs. Even our 
old friend the binomial theorem, which now 
is supposed to be the possession of nearly 
every able schoolboy, remained unknown to 
professional mathematicians for more than 
half a century yet to come. 

Nor is it merely on the negative side that 
the times seemed unpropitious for a new 
departure; the spirit of the age in the posi- 
tive activities of thought and deed was not 
more sympathetic. Those were the days 
when the applications of astronomy had 
become astrology. Men sought for the 
elixir of life and pondered over the trans- 
mutation of baser metals into gold. Shake- 
speare not long before had produced his 
play ‘ As You Like It,’ where the strange 
natural history of the toad which, 


Ugly and venomous, 
Bears yet a precious jewel in his head, 


is made a metaphor to illustrate the sweet- 
ening uses of adversity. The _ stiffened 
Elizabethan laws against witchcraft were 
to be sternly administered for many a year 
to come. It was an age that was pulsating 
with life and illuminated by fancy, but the 
life was the life of strong action and the 
fancy was the fancy of ideal imagination ; 
men did not lend themselves to sustained 
and abstract thought concerning the nature 
of the universe. When we contemplate 
the spirit that such a state of knowledge 
might foster towards scientific learning, 
and when we recall the world into which 
Bacon’s treatise was launched, we can well 
be surprised at his far-reaching views, and 
we can marvel at his isolated wisdom. 
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Let 
judgments, chosen solely in relation to our 
When he says 


me select a few specimens of his 


own subjects. 

All true and fruitful natural philosophy hath 
a double seale or ladder, ascendent and descendent, 
ascending from experiments to the invention of 
causes, and descending from causes to the inven- 
tion of new experiments; therefore I judge it 
most requisite that these two parts be severally 
considered and handled— 


he is merely expounding, in what now is 
rather archaie phrase, the principles of the 
most ambitious investigations in the natural 
philosophy of subsequent centuries. When 
he speaks of 

the operation of the relative and adventive char- 
acters of essences, as quantity, similitude, diver- 
sity, possibility and the rest; with this distinction 
and provision, that they be handled as they have 
efficacy in nature, and not logically— 


I seem to hear the voice of the applied 
mathematician warning the pure mathe- 
matician off the field. When, after having 
divided natural philosophy into physie and 
metaphysic (using these words in particular 
meanings, and ineluding mathematies in 
the second of the divisions), he declares 

physies should contemplate that which is inherent 
in matter, and therefore transitory, and meta- 
physics that which is abstracted and fixed; * * * 
physic describeth the causes of things, but the 
variable or respective causes; and metaphysic the 


fixed and constant causes— 


there comes before my mind the army of 
physicists of the present day, who devote 
themselves unwearyingly to the properties 
of matter and willingly cast aside elaborate 
ealeulations. When he 


arguments and 


argues that 


many parts of nature can neither be invented with 


suflicient subtilty, nor demonstrated with suffi- 
cient perspicuity, nor accommodated unto use with 
and inter- 


suflicient dexterity, without the aid 


vening of the mathematics— 

he might be deseribing the activity of sub- 
generations of philosophers, as- 
And in the last 


sequent 
tronomers and engineers. 
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place (for my extracts must have some 
end), when he expresses the opinion 

that men do not sufficiently understand the ex- 
cellent use of the pure mathematics, in that they 
do remedy and cure many defects in the wit and 
faculties intellectual. For if the wit be too dull, 
they sharpen it; if too wandering, they fix it; if 
too inherent in the sense, they abstract it; * * * 
in the mathematics, that which is collateral and 
intervenient is no less worthy than that which 
is principal and intended— 

I seem to hear an advocate for the inclusion 
of elementary mathematics in any scheme 
of general edueation. At the same time, I 
wonder what Bacon, who held such an ex- 
alted estimate of pure mathematics in its 
gray dawn, would have said by way of 
ampler praise of the subject in its fuller 
day. 

It was a splendid vision of inductive 
science as of other parts of learning: it 
contained a revelation of the course of prog- 
ress through the centuries to come. Yet 
the facts of to-day are vaster than the vision 
of that long-ago yesterday, and human ac- 
tivity has far outstripped the dreams of 
Bacon’s opulent imagination. He was the 
harbinger. (premature in many respects it 
must be confessed, but still the harbinger) 
of a new era. At a time when we are 
making a new departure in the fulfilment 
of the purpose of our charter, which re- 
quires us ‘ to promote the intercourse of 
those who cultivate science in different 
parts of the British Empire, our Associa- 
tion for the Advancement of Science may 
pause for a moment to gaze upon the vision 
revealed three centuries ago in the ‘Ad- 
vaneement of Learning’ by a philosopher 
whose influence upon the thought of the 
world is one of the glories of our nation. 

I have implied that Bacon’s discourse 
was in advance of its age, so far as England 
was concerned. Individuals could make 
their mark in isolated fashion. Thus Har- 
vey, in his hospital work in London, dis- 
covered the circulation of the blood; Na- 
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pier, away on his Scottish estates, invented 
logarithms; and Horrocks, in the seclusion 
of a Laneashire curacy, was the first to ob- 
serve a transit of Venus. But for more 
than half a century the growth of physical 
science was mainly due to workers on the 
continent of Europe. Galileo was making 
discoveries in the mechanies of solids and 
fluids, and, specially, he was building on a 
firm foundation the fabric of the system of 
astronomy, hazarded nearly a century be- 
fore by Copernicus; he still was to furnish, 
by bitter experience, one of the most strik- 
ing examples in the history of the world 
that truth is stronger than dogma. Kepler 
was gradually elucidating the laws of 
planetary motion, of which such significant 
use was made later by Newton; and Des- 
cartes, by his creation of analytical geome- 
try, was yet to effect such a constructive 
revolution in mathematics that he might 
not unfairly be ealled the founder of 
modern mathematics. In England the 
times were out of scientific joint: the 
political distractions of the Stuart troubles, 
and the narrow theological bitterness of the 
commonwealth, made a poor atmosphere for 
the progress of scientific learning, which 
was confined almost to a faithful few. The 
fidelity of those few, however, had its 
reward; it was owing to their steady con- 
fidence and to their initiative that the Royal 
Society of London was founded in 1662 by 
Charles II. At that epoch, science (to 
quote the words of a picturesque historian ) 
became the fashion of the day. Great 
Britain began to contribute at least her 
fitting share to the growing knowledge of 
nature; and her scientific activity in the 
closing part of the seventeenth century 
Was a realization, wonderful and practical, 
of a part of Bacon’s dream. Undoubtedly 
the most striking contribution made in that 
period is Newton’s theory of gravitation, 
as expounded in his ‘ Principia,’ published 
in 1687, 
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That century also saw the discovery of 
the fluxional calculus by Newton, and of 
the differential caleulus by Leibnitz. 
These discoveries provided the material for 
one of the longest and most deadening con- 
troversies as to priority in all the long his- 
tory of those tediously barren occupations ; 
unfortunately they are dear to minds which 
cannot understand that a discovery should 
be used, developed, amplified, but should 
not be a cause of envy, quarrel, or contro- 
versy. Let me say, incidentally, that the 
controversy had a malign influence upon 
the study of mathematics as pursued in 
England. 

Also, the undulatory theory of light 
found its first systematic, if incomplete, 
exposition in the work of Huygens before 
the century was out. But Newton had an 
emission theory of his own, and so the un- 
dulatory theory of Huygens found no favor 
in England until rather more than a hun- 
dred years later; the researches of Thomas 
Young established it on a firm foundation. 

Having thus noted some part of the stir 
in scientific life which marked the late years 
of the seventeenth century, let me pass to - 
the second of our centenaries: it belongs 
to the name of Edmond Halley. Quite in- 
dependently of his achievement connected 
with the year 1705 to which I am about to 
refer, there are special reasons for honor- 
ing Halley’s name in this section at our 
meeting in South Africa. When a ‘young 
man of twenty-one he left England for St. 
Helena, and there, in the years 1676-1678, 
he laid the foundations of stellar astronomy 
for the southern hemisphere; moreover, in 
the course of his work he there succeeded 
in securing the first complete observation 
of a transit of Mereury. After his return 
to England, the next few years of his life 
were spent in laying science under. a special 
debt that can hardly be over-appreciated. - 
He placed himself in personal relation with 
Newton, propounded to him questions and 
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offered information; and it is now a com- 
monplace statement that Halley’s questions 
and suggestions caused Newton to write the 
‘ Principia.” More than this, we know that 
Newton’s great treatise saw the light only 
through Halley’s persuasive insistence, 
through his unwearying diligence in saving 
Newton all and trouble and even 
pecuniary expense, and through_his abso- 
lutely self-sacrificing devotion to what he 
made an unwavering duty at that epoch 
in his life. 
been the first organizer of a scientifie expe- 
dition, as distinct from a journey of dis- 
covery, towards the southern seas: he 
sailed as far as the fifty-second degree of 
southern latitude, devised the principle of 
the sextant in the course of his voyaging, 
and, as a result of the voyage, he produced 
a general chart of the Atlantic Ocean, with 
special reference to the deviation of the 
compass. Original, touched with genius, 
cheery of soul, strenuous in thought and 
generous by nature, he spent his life in a 
continuously productive devotion to astro- 
nomieal science, from boyhood to a span of 
vears far beyond that which satisfied the 
psalmist’s broodings. I have selected a 
characteristic incident in his scientific ac- 
tivity, one of the most brilliant (though it 
ean not be claimed as the most important) 
of his astronomical achievements; it strikes 


cares 


Again, he appears to have 


me as one of the most chivalrously bold 
acts of convineed science within my knowl- 
edge. It is only the story of a comet. 

[ have just briefly, 
Halley’s share in the production of New- 


explained, very 


ton’s ‘ Principia’; his close coneern with 
it made him the Mahomet of the new dis- 
pensation of the astronomical universe, and 
he was prepared to view all its phenomena 
in the light of that dispensation. A comet 
had appeared in 1682—it was still the age 
when scientific men could think that, by a 
the earth and a comet, 


eollision between 
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‘ this most beautiful order of things would 
be entirely destroyed and reduced to its 
ancient chaos ’; but this fear was taken as 
a * by-the-bye,’ which happily interfered 
with neither observations nor calculations. 
Observations had duly been made. The 
data were used to obtain the elements of 
the orbit, employing Newton’s theory as a 
working hypothesis; and he expresses an 
incidental regret as to the intrinsie errors 
of assumed numerical elements and of re- 
corded observations. It then occurred to 
Halley to caleulate similarly the elements 
of the comet which Kepler and others had 
seen in 1607, and of which records had been 
made; the Newtonian theory gave elements 
in elose accord with those belonging to the 
comet calculated from the latest observa- 
tions, though a new regret is expressed that 
the 1607 observations had not been made 
with more accuracy. On these results he 
committed himself (being then a man of 
forty-nine years of age) to a prophecy 
(which could not be checked for fifty-three 
years to come) that the comet would return 
about the end of the year 1758 or the begin- 
ning of the next succeeding year; he was 
willing to leave his conelusion ‘ to be dis- 
cussed by the eare of posterity, after the 
truth is found out by the event.’ But not 
completely eontent with this stage of his 
work, he obtained with difficulty a book by 
Apian, giving an account of a comet seen 
in 1531 and reeording a number of obser- 
vations. Halley, constant to his faith in 
the Newtonian hypothesis, used that hypoth- 
esis to ealeulate the elements of the orbit 
of the Apian comet; once more regretting 
the uncertainty of the data and discounting 
a very grievous error committed by Apian 
himself, Halley concluded that the Apian 
comet of 1531, and the Kepler comet of 
1607, and the observed comet of 1682 were 
one and the same. He confirmed his pre- 
diction as to the date of its return, and he 
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-oneludes his argument with a blend of 
confidence and patriotism :— 

Wherefore if according to what we have al- 
ready said it should return again about the year 


1758, candid posterity will not refuse to acknowl- 
edve that this was first discovered by an English- 


man. 

Such was Halley’s prediction published in 
the year 1705. The comet pursued its 
course, and it was next seen on Christmas 
Day, 1758. Candid posterity, so far from 
refusing to acknowledge that the discovery 
was made by an Englishman, has linked 
Ilalley’s name with the comet, possibly for 
all time. 

We all now could make announcements 
on the subject of Halley’s comet; their ful- 
filment could be awaited serenely. No vi- 
sion or inspiration is needed; calculations 
and corrections will suffice. The comet was 
seen in 1835, and it is expected again in 
1910. No doubt our astronomers will be 
ready for it; and the added knowledge of 
electrical science, in connection particularly 
with the properties of matter, may enable 
them to review Bessel’s often-diseussed con- 
jecture as to an explanation of the emis- 
sion of a sunward tail. But Halley’s an- 
nouncement was made during what may be 
called the immaturity of the gravitation 
theory; the realization of the prediction 
did mueh to strengthen the belief in the 
theory and to spread its general acceptance ; 
the crown of conviction was attained with 
the work of Adams and Leverrier in the 
discovery, propounded by theory and veri- 
fied by observation, of the planet Neptune. 
[ do not known an apter illustration of 
Bacon’s dictum that has already been 
quoted, ‘ All true and fruitful natural phi- 
losophy hath a double seale, ascending from 
experiments to the invention of causes, and 
descending from eauses to the invention of 


new experiments.’ The double process, 


when it ean be earried out, is one of the 
most effective agents for the inerease of 
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trustworthy kicowledge. But until the 
event justified Halley’s prediction, the 


Cartesian vortex-theory of the universe was 
not completely replaced by the Newtonian 
theory; the Cartesian votaries were not at 
once prepared to obey Halley’s jubilant, if 
stern, injunction to ‘leave off trifling 
* * * with their vortices and their absolute 
plenum * * * and give themselves up to 
the study of truth.’ 

The century that followed the publication 
of Halley’s prediction shows a world that 
is steadily engaged in the development of 
the inductive sciences and their applica- 
tions. Observational astronomy continued 
its activity quite steadily, reinforced to- 
wards the end of the century by the first 
of the Herschels. The science of mathe- 
matical (or theoretical) astronomy was 
created in a form that is used to this day; 
but before this creation could be effected 
there had to be a development of mathe- 
matics suitable for the purpose. The be- 
ginnings were made by the Bernoullis (a 
family that must be of supreme interest to 
Dr. Francis Galton in his latest statistical 
compilations, for it contained no fewer than 
seven. mathematicians of mark, distributed 
over three generations), but the 
achievements are due to Euler, Lagrange 
and Laplace. In particular, the infinitesi- 
mal ealeulus in its various branches (in- 
eluding, that is to say, what we eall the 
differential ecaleulus, the integral caleulus, 
and differential equations) received the de- 
velopment that now is familiar to all who 
have occasion to work in the subjeet. When 
this ealeulus was developed, it was applied 
to a variety of subjects; the applications, 
indeed, not merely influenced, but immedi- 
ately directed, the development of the 
mathematies. To this period is due the 
construction of analytical mechanics at the 
hands of Euler, d’Alembert, Lagrange and 
Poisson; but the most significant achieve- 


main 
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ment in this range of thought is the mathe- 
matical development of the Newtonian 
theory of gravitation applied to the whole 
universe. It was made, in the main, by 
Lagrange, as regards the wider theory, and 
by Laplace, as regards the amplitude of 
detailed application. But it was a century 
that also saw the obliteration of the ancient 
doctrines of calorie and_ phlogiston, 
through the discoveries of Rumford and 
Davy of the nature and relations of heat. 
The modern science of vibrations had its 
beginnings in the experiments of Chladni, 
and, as has already been stated, the un- 
dulatory theory of light was rehabilitated 
by the Thomas Young. 
Strange views as to the physical constitu- 
tion of the universe then were sent to the 
limbo of forgotten ignorance by the early 
discoveries of modern chemistry; and engi- 
neering assumed a systematic and scientific 
activity, the limits of which seem bounded 
only by the cumulative ingenuity of succes- 
sive generations. But in thus attempting 
to summarize the progress of science in 
that period, I appear to be trespassing upen 
the domains of other sections; my steps 
had better be retraced so as to let us return 
to our own upper air. If I mention one 
more fact (and it will be a small one), it is 
because of its special connection with the 
work of this section. As you are aware, the 
elements of Euclid have long been the 
standard treatise of elementary geometry 
in Great Britain; and the Greek methods, 
in Robert Simson’s edition, have been im- 
posed upon candidates in examination after 
examination. But Euclid is on the verge of 
being disestablished ; my own University of 
Cambridge, which has had its full share in 
the restriction to Euclid’s 


researches of 


maintaining 


methods, and which was not uninfluenced 
by the report of a committee of this associa- 
tion upon the subject, will, some six or seven 
weeks hence, hold its last examination in 
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which those methods are prescriptively re- 
quired. The disestablishment of Euclid 
from tyranny over the youthful student 
on the continent of Europe was effected be- 
fore the end of the eighteenth century. 

But it is time for me to pass on to the 
third of the centenaries, with which the 
present year can be associated. Not so fun- 
damental for the initiation of modern sei- 
ence as was the year in which the ‘ Advanee- 
ment of Learning ’ was published, not so 
romantic in the progress of modern science 
as was the year in which Halley gave his 
prediction to the world, the year 1805 (tur- 
bulent as it was with the strife of European 
polities) is marked by the silent voices of a 
couple of scientific records. In that year 
Laplace published the last progressive in- 
stalment of his great treatise on ‘ Celestia! 
Mechanies,’ the portion that still remained 
for the future being solely of an historical 
character; the great number of astronom- 
ical phenomena which he had been able to 
explain by his mathematical presentation 
of the consequences of the Newtonian 
theory would, by themselves, have been suf- 
ficient to give confidence in the validity of 
that theory. In that year also Monge pub- 
lished his treatise, classical and still to be 
read by all students of the subject, ‘ The 
Application of Algebra to Geometry ’; it 
is the starting point of modern synthetic 
geometry, which has marched in ample de- 
velopment since his day. These are but 
landmarks in the history of mathematical 
science, one of them indicating the com- 
pleted attainment of a tremendous task, the 
other of them initiating a new departure; 
both of them have their significance in the 
progress of their respective sciences. 

When we contemplate the activity and 
the achievements of the century that has 
elapsed since the stages which have just 
been mentioned were attained in mathe- 
matical science, the amount, the variety, the 
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progressive diligence, are little less than be- 
vildering. It is not merely the vast de- 
velopment of all the sciences that ealls for 
-omark: no less striking is their detailed 
development. Each branch of science now 
has an enormous array of workers, a de- 
velopment rendered more easily possible by 
the growing inerease in the number of pro- 
fessional posts; and through the influence 
of these workers and their labors there is 
an ever-inereasing body of scientific facts. 
Yet an aggregate of facts is not an ex- 
planatory theory any more necessarily than 
a pile of carefully fashioned stones is a 
cathedral; and the genius of a Kepler and 
a Newton is just as absolutely needed to 
evolve the comprehending theory as the 
cenius of great architects was needed for 
the Gothic cathedrals of France and of 
England. Not infrequently it is difficult 
to make out what is the main line of 
progress in any one subject, let alone in a 
group of subjects; and though illumina- 
tion comes from striking results that ap- 
peal, not merely to the professional work- 
ers, but also to unprofessional observers, 
this illumination is the exception rather 
than the rule. We ean allow, and we 
should continue to allow, freedom of initia- 
tive in all directions. That freedom some- 
times means isolation, and its undue exer- 
cise can lead to narrowness of view. In 
spite of the complex ramification of the 
sciences which it has fostered, it is a safer 
and a wiser spirit than that of uncongenial 
compulsion, which ean be as dogmatic in 
matters scientific as it can be in matters 
theological. Owing to the varieties of mind, 
whether in individuals or in races, the 
progress of thought and the growth of 
knowledge are not ultimately governed by 
the wishes of any individual or the preju- 
dices of any section of individuals. Here, 


a school of growing thought may be ig- 
nored; there, it may be denounced as of no 
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importance; somewhere else, it may be 
politely persecuted out of possible existence. 
But the here, and the there, and the some- 
where else do not make up the universe of 
human activity ; and that school, like Galli- 
leo’s earth in defiance of all dogmatic au- 
thority, still will move. 

This complete freedom in the develop- 
ment of scientific thought, when the thought 
is applied to natural phenomena, is all the 
more necessary because of the ways of 
nature. Physical nature cares nothing for 
theories, nothing for calculations, nothing 
for difficulties, whatever their source; she 
will only give facts in answer to our ques- 
tions, without reasons and without explana- 
tions; we may explain as we please and 
evolve laws as we like, without her help or 
her hindrance. If from our explanations 
and our laws we proceed to prediction, and 
if the event justifies the prediction through 
agreement with recorded fact, well and 
good: so far we have a working hypothesis. 
The significance of working hypotheses, in 
respect of their validity and their relation 
to causes, is a well-known battle-ground of 
dispute between different schools of philos- 
ophers; it need not detain us here and 
now. On the other hand, when we proceed 
from our explanations and our laws to a 
prediction, and the prediction in the end 
does not agree with the fact to be recorded, 
it is the prediction that has to give way. 
But the old facts remain and the new fact is 
added to them; and so facts grow until 
some working law ean be extracted from 
them. This accumulation of facts is only 
one process in the solution of the universe : 
when the compelling genius is not at hand 
to transform knowledge into wisdom, useful 
work ean still be done upon them by the 
construction of organized accounts which 
shall give a systematic exposition of the re- 
sults, and shall place them as far as may 
be in relative significance. 
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Let me pass from these generalities, 
which have been suggested to my mind by 
the consideration of some of the scientific 
changes that have taken place during the 
last hundred years, and let me refer briefly 
to some of the changes and advances which 
appear to me to be most characteristic of 
that period. It is not that I am concerned 
with a selection of the most important re- 
searches of the period. Estimates of rela- 
tive importance are often little more than 
half-eoncealed expressions of individual 
preferences or personal enthusiasms; and 
though each enthusiastic worker, if quite 
frank in expressing his opinion, would de- 
clare his own subject to be of supreme im- 
portance, he would agree to a compromise 
that the divergence between the different 
subjects is now so wide as to have destroyed 
any common measure of comparison. My 
coneern is rather with changes, and with 
tendencies where these ean be discerned. 

The growth of astronomy has already 
occupied so large a share of my remarks 
that few more words can be spared here. 
Not less, but more, remarkable than the 
preceding centuries in the actual explora- 
tion of the heavens, which has been faeili- 
tated so much by the improvements in in- 
struments and is reinforced to such effect 
by the cooperation of an ever-growing band 
of American astronomers, it has seen a new 
astronomy occupy regions undreamt of in 
the older days. New methods have supple- 
mented the old; spectroscopy has developed 
a science of physies within astronomy ; and 
the unastronomical brain reels at the con- 
tents of the photographie chart of the 
heavens which is now being constructed by 
international cooperation and will, when 
completed, attempt to map ten million stars 
(more or less) for the human eye. 

Nor has the progress of physies, alike on 
the mathematieal side and the experimental 
side, been less remarkable or more restricted 
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than that of astronomy. The elaborate and 
occasionally fantastic theories of the eigh- 
teenth century, in such subjects as light. 
heat, even as to matter itself, were rejected 
in favor of simpler and more comprehensive 
theories. There was one stage when it 
seemed as if the mathematical physicists 
were gradually overtaking the experimenta! 
physicists; but the discoveries in electricity 
begun by Faraday left the mathematicians 
far behind. Much has been done towards 
the old duty, ever insistent, of explaining 
new phenomena; and the names of Max- 
well, Weber, Neumann, and Hertz need only 
to be mentioned in order to suggest the 
progress that has been made in one subject 
alone. We need not hesitate to let our 
thoughts couple, with the great physicists of 
the century, the leaders of that brilliant 
band of workers upon the properties of 
matter who carry us on from wonder. to 
wonder with the passage of each successive 
year. 

Further, it has been an age when technic- 
al applications have marched at a marvel- 
ous pace. So great has been their growth 
that we are apt to forget their comparative 
youth; yet it was only the middle of the 
century which saw the awakening from 
what now might be regarded as the dark 
ages. Nor is the field of possible application 
nearing exhaustion: on the contrary, it 
seems to be increasing by reason of new dis- 
coveries in pure science that yet will find 
some beneficent outcome in practice. In- 
visible rays and wireless telegraphy may be 
cited as instances that are occupying pres- 
ent activities, not to speak of radium, the 
unfelding of whose future is watched by 
eager minds. 

One gap, indeed, in this subject strikes 
me. There are great histories of mathe- 
maties and great histories of astronomy; I 
ean find no history of physies on the grand 
scale. Some serviceable manuals there are, 
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1s well as monographs on particular topics ; 
hat seems to me to be lacking is some com- 
prehensive and comparative survey of the 
whole range. The history of any of the 
natural scienees, like the history of human 
activity, is not merely an encyclopedic 
record of past faets; it reveals both the 
spirit and the wealth which the past has 
bequeathed to the present, and which, in 
due course, the present will influence before 
transmission to the future. Perhaps all 
our physicists are too busy to spare the 
labor needed for the production of a com- 
prehensive history; yet I cannot help 
thinking that such a eontribution to the 
subject would be of great value, not to 
physicists alone. 

But, as you hear me thus referring to 
astronomy and to physies, some of you 
may think of the old Roman proverb which 
nade the cobbler not to look above his last; 
so I take the opportunity of referring very 
briefly to my own subject. One of the 
features of the century has been the con- 
tinued development of mathematies. As a 
means of ealeulation the subject was de- 
veloped as widely during the earlier portion 
of the century as during the preceding 
century; it soon began to show signs of 
emergence as an independent science, and 
the later part of the century has witnessed 
the emancipation of pure-mathematies. It 
Was pointed out, in connection with the 
growth of theoretical astronomy, that 
mathematies developed in the direction of 
its application to that subject. When the 


wonderful school of French physicists, 


composed of Monge, Carnot, Fourier, Pois- 
son, Poinsot, Ampére and Fresnel (to men- 
tion only some names), together with Gauss, 
Kirchhoff and von Helmholtz in Germany, 
a nd Ivory, Green, Stokes, Maxwell and others 
in England, applied their mathematies to 
various branches of physics, for the most 
part its development was that of an ancil- 
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lary subject. The result is the superb body 
of knowledge that may be summarized un- 
der the title of ‘ mathematical physics ’; 
but the final interest is the interest of 
physics, though the construction has been 
the service of mathematics. Moreover, 
this tendency was deliberate, and was 
avowed in no uncertain tone. Thus Fourier 
could praise the utility of mathematics by 
declaring that ‘ there was no language more 
universal or simpler, more free from errors 
or obseurity, more worthy of expressing 
the unchanging relations of natural enti- 
ties ’: in a burst of enthusiasm he declares 
that, from the point of view he had indi- 
eated, ‘ mathematical analysis is as wide 
as nature herself,’ and ‘ it increases and 
erows incessantly stronger amid all the 
changes and errors of the human mind.’ 
Mathematicians might almost blush with 
conscious pleasure at such a laudation of 
their subject from such a quarter, though 
it errs by both excess and defect; but the 
exultation of spirit need not last long. The 
same authority, when officially expounding 
to the French Academy the work of Jacobi 
and of Abel upon elliptic functions, ex- 
pressed his chilling opinion (it had nothing 
to do with the case) that ‘the questions of 
natural philosophy, which have the mathe- 
mathieal study of all important phenomena 
for their aim, are also a worthy and princi- 
pal subject for the meditations of geometers. 
It is to be desired that those persons who are 
best fitted to improve the science of caleu- 
lation should direct their labors to these im- 
portant applications.” Abel was soon to 
pass beyond the range of admonition; but 
Jacobi, in a private letter to Legendre, pro- 
tested that the scope of the science was 
not to be limited to the explanation of 
natural phenomena. I have not quoted 
these extracts by way of even hint of re- 
proach against the author of such a wonder- 
ful creation as Fourier’s analytical theory 








246 


of heat; his estimate could have been justi- 
fied on a merely historical review of the 
circumstances of his own time and of past 
times; and I am not sure that his estimate 
has not its exponents at the present day. 
But all history shows that new discoveries 
and new methods ean spread to issues wider 
than those of their origins, and that it is 
almost a duty of human intelligence to 
recognize this possibility in the domain of 
progressive studies. The fact is that mathe- 
matical physics and pure mathematies have 
given much to each other in the past and 
will give much to each other in the future; 
in doing so, they will take harmonized ac- 
tion in furthering the progress of knowl- 
But neither science must pretend to 
It is al- 
most an irony of circumstance that a theo- 


edge. 


absorb the activity of the other. 


rem, initiated by Fourier in the treatise 
just mentioned, has given rise to a vast 
amount of discussion and attention, which, 
while of supreme value in the development 
of one branch of pure mathematies, have 
hitherto offered little, if anything, by way 
of added explanation of natural phe- 
nomena. 

The century that has gone has witnessed 
a wonderful development of pure mathe- 


maties. The bead-roil of names in that 
science—Gauss; Abel, Jacobi; Cauchy, 
Riemann, Weierstrass, Hermite; Cayley, 


Sylvester; Lobatechewsky, Lie—will on only 
the merest recollection of the work with 
which their names are associated show that 
an age has been reached where the develop- 
ment of human thought is deemed as worthy 
a scientific occupation of the human mind 
as the most profound study of the phe- 
nomena of the material universe, 

The last feature of the century that will 
be mentioned has been the increase in the 
number of subjects, apparently dissimilar 
from one another, which are now being 
made to use mathematies to some extent. 
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Perhaps the most surprising is the appli- 
sation of mathematies to the domain of 
pure thought; this was effected by George 
Boole in his treatise ‘ Laws of Thought,’ 
published if 1854; and though the develop- 
ments have passed considerably beyond 
Boole’s researches, his work is one of those 
classics that mark a new departure. Polit- 
ical economy, on the initiative of Cournot 
and Jevons, has begun to employ symbols 
and to develop the graphical methods; but 
there the present use seems to be one of 
suggestive reeord and expression, rather 
than of positive construction. Chemistry, 
in a modern spirit, is stretching out into 
mathematical theories; Willard Gibbs, in 
his memoir on the equilibrium of chemical 
systems, has led the way; and, though his 
way is a path which chemists find strewn 
with the thorns of analysis, his work has 
rendered, incidentally, a real service in co- 
ordinating experimental results belonging 
to physies and to chemistry. A -new and 
generalized theory of statistics is being con- 
structed; and a school has grown up which 
is applying them to biological phenomena. 
Its activity, however, has not yet met with 
the sympathetie good-will of all the pure 
biologists; and those who remember the 
quality of the discussion that took place last 
year at Cambridge between the biometri- 
cians and some of the biologists will agree 
that, if the new school should languish, it 
will not be for want of the tonie of 
eriticism. 

If I have dealt with the past history of 
some of the sciences with which our section 
is concerned, and have chosen particular 
epochs in that history with the aim of con- 
eentrating your attention upon them, you 
will hardly expect me to plunge into the 
future. Being neither a prophet nor the 


son of a prophet, not being possessed of the 
knowledge which enabled Halley to don the 
prophet’s mantle with confidence, I shall 
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venture upon no prophecy even so cautious 
as Bacon’s—‘ As for the mixed mathematics, 
| may only make this prediction, that there 
can not fail to be more kinds of them as 
nature grows further disclosed ’—a declara- 
tion that is sage enough, though a trifle lack- 
ing in precision. Prophecy, unless based 
upon confident knowledge, has passed out 
of vogue, except perhaps in controversial 
polities; even in that domain, it is helpless 
to seeure its own fulfilment. Let me rather 
exercise the privilege of one who is not 
entirely unfamiliar with the practice of 
ceometry, and let me draw the proverbial 
line before indulgence in prophetic esti- 
mates. The names that have fiitted through 
my remarks, the discoveries and the places 
associated with those names, definitely indi- 
eate that, notwithstanding all appearance 
of divergence and in spite of seattered iso- 
lation, the sum of human knowledge, which 
is an inheritance common to us all, grows 
siiently, sometimes slowly, yet (as we hope) 
safely and surely, through the ages. You 
who are in South Africa have made an 
honorable and an honored contribution to 
that growing knowledge, conspicuously in 
your astronomy and through a brilliant 
suecession of astronomers. Here, not as 
an individual, but as a representative officer 
of our brotherhood in the British Associa- 
tion, I ean offer you no better wish than 
that you may produce some men of genius 
and a multitude of able workers who, by 
their researches in our sciences, may add to 
the fame of your country and will con- 
tribute to the intellectual progress of the 


world. 
A. R. Forsytu. 


SCIENTIFIC BOOKS. 
Catalogue of the Lepidoptera Phalene in the 
British Museum, London. Vol. IV., Noe- 


tuide (part), 1903; Vol. V., Noctuide (con- 
tinued), 1905. 
Bart. 


By Sir Greorce F. Hampson, 
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This is a continuation of the monographs 
of the moths of the world, of which Vol. III. 
was noticed in Science, N. S., XV., 99, 1901. 
A notice of Vol. IV. will be found in the 
Canadian Entomologist, XXXVI., 27, 1904. 
Volume V., now before us, consists of 634 
pages and treats of 2,073 species of Noctuide, 
comprising the subfamily Hadeninz. These 
moths have unspined hind tibiw and hairy 
eyes, and are familiar to us under the name 
Mamestra and allies. But these familiar 
names are again largely changed, unavoidably, 
no doubt, but we fear that the changes are 
not permanent. Even if subsequent authors 
ean be induced to respect Sir George Hamp- 
son’s selections of the types of the older 
genera, we doubt if he will be generally fol- 
lowed in defining no genera on secondary 
sexual characters. This is done generally in 
other families of Lepidoptera and the char- 
acters prove very useful. We think some of 
the genera as used in the volume before us 
would stand subdivision, Polia, for example, 
which contains 209 species. This would save 
the old genus Mamestra, which now sinks as 
a synonym of Polia. These remarks apply to 
the other volumes as well and are a criticism 
on the general system adopted. It is not to 
be expected that the system could be changed 
during the progress of the work. 

A number of our North American species, 
particularly those recently described, sink as 
synonyms. This is mostly perfectly justified, 
as there has been a tendency recently to de- 
scribe too many forms as species in the Noc- 
tuide. This tendency has received a just 
rebuke. 

On page 24, Scotogramma is marked as a 
‘new’ genus, no doubt by an oversight. 

On page 178 all the forms of comis and 
olivacea fall together into the synonymy. I 
believe this is going a little too far, as I think 
there can be distinguished two species, though 
closely allied. Otherwise my contention about 
these forms is sustained. 

On page 267 the name Chabuata velutina is 
used. It should be Chabuata lutina. Velu- 
tina was preoccupied when described and the 
author very properly changed the name. The 
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fact that Ilampson has removed it to another 
genus does not invalidate the change, which 
was proper when made. He has here violated 
the rule ‘ Once a synonym, always a synonym.’ 
The distribution of the genus 
Twenty-eight spe- 


Page 366, 
Morrisonia is remarkable. 
cies are known, twenty-two in New Zealand, 
six in the United States,and none anywhere else 
in the world. Of the United States species, 
five are eastern, only one being western (Ari- 
zona). Morrison’s species peracuta, described 
as from the United States, is removed to the 
next genus and becomes a synonym of a New 
Zealand United States locality 


being regarded as erroneous. 


species, the 


Page 403, my species Perigrapha achsha is 
omitted (Can. Ent., XXXVLI., 32, 1904). 

On page 596, Leucania rubripallens is cred- 
ited to Kaslo, British Columbia. I did not 
find the species there (Proc. U. S. Nat. Mus., 
XXVII., 863, 1894), and I believe that this is 
a case of misidentification. The synoptic 
table on page 594 is bad, the contrasts given 
under a and b* are variable and valueless. 
L. rubripallens separates from oxygale and 
minorata by the redder color of the fore wings 
only, not by the degree of black shading on 
the hind wings. It oceurs in the dry regions 
of Colorado and Utah and I believe does not 
occur in the wet wooded district of Kaslo. 

On page 610, H/imella infidelis is made syn- 
onymous with Hriopyga conar and marked 
‘non deser. I do not object to the synonym, 
even if I do not agree to it, but the species 
certainly was deseribed (Can Ent., XXXVL., 
32, 1904). 

ITarrtison G. Dyar. 


SCTENTIFIC JOURNALS AND ARTICLES. 

Tre leading article in the June number of 
the American entitled ‘The 
Fossil Turtles of the Bridger Basin,’ by O. P. 
Ilay, who states that hitherto geologists Cope, 
Powell, Emerson and King considered these 


Geologist is 


beds as lake deposits, but his own conclusion 
is that they have ‘been made almost wholly 


through river action.’ Professor S. W. 


Williston says, econeluding his article ‘On the 
Lansing Man,’ ‘I am only confident that the 
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skeleton dates from Pleistocene times—and 
is old” Professor Warren Upham contributes 
an article on the ‘Age of the St. Croix 
Dalles, and G. A. Waring one on ‘The 
Pegmatyte Veins of Pala, San Diego County, 
California,’ which is illustrated by five plates 
and two figures. Professor J. A. Bownocker 
in discussing ‘The Salt Deposits of North- 
eastern Ohio,’ concludes ‘that Ohio contains 
enough salt to supply the entire country for 
an indefinite period.’ A paper on ‘Mineral- 
ogical Synonyms’ is inserted, taken from the 
Mineralogical Magazine for May. The num- 
ber concludes with an interesting editorial by 
Dr. G. P. Merrill on ‘ The New Building for 
the National Museum, at Washington, D. C.,’ 
which is illustrated by a plate presenting the 
central plan. 


SOCIETIES AND ACADEMIES. 
CLEMSON COLLEGE SCIENCE CLUB. 

Tue 54th regular meeting of the club was 
held in the lecture room of the electrical 
laboratory, April 28, at 8 p.m. It was the 
oceasion of the ninth annual meeting and 
banquet. There were present, in addition to 
the regular members of the club, delegates 
from other colleges in South Carolina and 
from the U. S. Department of Agriculture. 
The program consisted of numbers taken from 
the preceding programs of the club during the 
current year, and an informal address on 
certain phases of agricultural education by 
Assistant Secretary of Agriculture W. H. 
Hays. After the regular meeting, the annual 
banquet was served in the new museum in 
agricultural hall, and the banquet was made 
the occasion of the dedication of the museum. 

The 55th regular meeting of the club was 
held in the lecture room of the electrical 
laboratory at 8:30 p.m., May 19. Professor 
J. S. Newman, under the title of ‘ Fifty Years 
of Agriculture, discussed the advances in 
practical agriculture within that time, taking 
a somewhat pessimistic attitude in regard to 
what had actually been accomplshed.  Pro- 
fessor F. T. Dargan, under the title of ‘An 
Undescribed Method of Demonstrating Hori- 
zontal Objects,’ made a demonstration of his 
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apparatus and method, exhibiting Ewing’s 
experiment for demonstrating Weber’s molecu- 
lar theory of magnetism, and showing the 
maenetie field by use of iron filings. The 
apparatus, which was very simple, is described 
as follows: The object to be exhibited is 
placed on a base (which in the speaker’s 
apparatus consisted of a 60 by 75 centimeter 
drawing-board covered with white paper). 
Against two nails driven into this base near 
the back a large plane mirror is placed, and 
inclined forward at any desired angle by 
means of a wire attached to the top of the 
mirror and passing through a binding post 
screwed into the back of the base. To each 
upper corner of the mirror is clamped a 50- 
General Electrical Company 
‘stereopticon’ lamp protected in front by 
metal half shades. These brilliantly illumin- 
ate the object and obviate shadows. The 
apparatus can, of course, be made permanent 
by hinging the mirror to the base and fasten- 
ing the lights permanently. It will be seen 
that the apparatus has many applications in 
the teaching of the biological as well as phys- 
ical sciences in exhibiting objects that can 
not be turned on their edge. The apparatus 
has the advantage over the projecting lantern 
with horizontal attachment, first that it does 
not require a darkened room; second, opaque 
objects can be exhibited; third, the size of 
the object to be exhibited is limited only by 
the size of the mirror; fourth, the apparatus 
is not only easy to operate, but can be put 
together from materials usually found in any 
laboratory. 

At the close of the regular meeting, the 
annual business meeting was held. The an- 
nual report of the secretary was received. 
The following officers were elected for the 
ensuing year: 


candle-power 


President—Professor F. S. Shiver. 

Vice-President—Professor S. W. Reaves. 

Secretary—Dr. F. H. H. Calhoun. 

Vembers of Council—Dr. J. H. James and Pro- 
fessor F. T. Dargan. 


Haven Metca.r, 
Secretary. 
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SPECIAL ARTICLES. 
ASSORTATIVE MATING IN MAN. 


As was pointed out in Biometrika, Vol. IL., 
No. 4, 1903, “ Darwin has given the name of 
sexual selection to the general conception of 
differential mating. As opposed to pure 
random mating within the population, we 
have first preferential mating, in which male 
or female classes with certain values of a 
character find it less easy to mate than other 
classes with different values. Secondly, we 
have assortative mating, in which, while all 
classes of males and females find mates, cer- 
tain classes of males appear to be attracted to 
certam classes of females. If the male class 
of a given character tends to mate with a 
female class with generally like character we 
have a tendency to homogamy. Homogamy 
as one type of assortative mating is simply 
measured by the correlation between the two 
characters in the male and female of the pair. 
The influence of homogamy on the character 
of successive generations of a population may 
be very great indeed, and the whole range of 
effect from pure random matings to perfectly 
homogamous unions within a population is 
almost but not quite as important as the dif- 
ference between self and cross fertilization in 
plants. It has the distinctive features as 
compared with self fertilization, that (1) it 
may have any degree of intensity, (2) it may 
be confined to special characters, and (3) it 
is not complicated by any of the supposed 
harmful effects of inbreeding.” 

In the paper from which the paragraph I 
have just quoted was taken we dealt with 
assortative mating in man with respect to a 
character—longevity—concerning which there 
could not possibly be any conscious selection. 
The characters dealt with by Pearson in for- 
mer papers’ are also—at least, probably—not 
made the object of conscious selection. The 
coefficients of correlation between man and 
wife in all these cases average about .2—or 
‘husband and wife are as much alike as uncle 
and -niece, and probably as much alike as, if 
not more alike than, first cousins.’ 


? Phil. Trans., Vol. 187, A, p. 273, and Vol. 195, 
A, p. 113; Biometrika, 11., p. 353. 
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It seemed to me to be of interest, now, to 
test the strength of assortative mating with 
respect to a character in which there is known 
to be conscious selection. The ages of the 
two members of the pair at once suggested 
itself. It possesses an added interest because 
of the former work upon the age at death. 
I accordingly tabulated the ages of twenty- 
five hundred couples as given at the marriage 
license office at Chicago during the spring of 
1904. Grouped in three-year classes they are 
as shown in table. 

The data are a little unsatisfactory because 
of the unfortunate but undeniable proneness 
of humanity to a lapse of honesty in the 
matter of age, especially in this connection. 
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The writer has on hand data which show 
that this principle applies to certain insects 
and spiders as well as to man. So that we 
are doubtless dealing here with a real biolog- 
ical factor as well as one of sociological in- 
terest. Frank E. Lutz. 

STATION FOR EXPERIMENTAL EVOLUTION, 

CoLtp Spring Harpor, N. Y. 





CURRENT NOTES ON METEOROLOGY. 


PROGRESS OF KITE AND BALLOON METEOROLOGY. 

A FEW years ago no one would have fore- 
seen that a regular publication would be 
started in 1904, devoted to the physics of the 
free air, and even to-day scientifie men gen- 
erally must be surprised to see the quantity 
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So that the figures, instead of telling the 
exact truth, show us the state of things, modi- 
fied somewhat by man’s ideas of how he thinks 
they had better be. This undoubtedly 
raises the coefficient of correlation slightly. 
It possibly also accounts for some of the ex- 
treme skewness of the curve for the wife’s age. 

However that may be, the coefficient of 
correlation between the ages of man and wife, 
as given, is .764. If this be compared with 
that of stature (.280), span (.199), forearm 
(.198) or longevity (.223), it will make it pos- 
sible to appreciate more clearly the precise 
extent of the unconscious assortative mating. 


and the quality of the contributions which 
deal with the meteorological conditions of the 
free air. A recent number of the Beitrige 
zur Physik der freien Atmosphdre (No. 3, 
1905), besides the paper on cyclonic and anti- 
cyclonic temperatures by Clayton, mention of 
which was recently made in these notes, con- 
tains a study of the results obtained during 
synchronous kite flights from Berlin and 
Hald (Jutland) from the summer of 1902 to 
the spring of 1903, and also a short note, by 
Professor Hergesell, on recent observations on 
the meteorological conditions of the high 
warm stratum of air which was first noticed 
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by Assmann and Teisserenc de Bort at an 
altitude of about 11 kms. Recent observa- 
tions during a ballon-sonde flight from Strass- 
burg (February 9, 1905) prove the existence 
of an easterly current at great altitudes, which 
is independent of the lower currents. The 
temperature conditions of this upper air 
stratum show that vertical currents are prac- 
tically absent, and its high relative humidity 
suggests some interesting speculations as to 


its origin. 


METEOROLOGICAL ACTIVITY IN ENGLAND. 

Tue Council of the Royal Meteorological 
Society of England is about to ungertake an 
extended campaign with a view to advancing 
the general knowledge of meteorology. <A 
series of lectures is planned, to be of a prac- 
tical nature, usually illustrated by lantern 
slides, and to be given by lecturers, appointed 
by the council, at different places. When pos- 
sible, exhibits of meteorological instruments 
are to be made, especially at the shows of the 
various agricultural societies. The author- 
ities in charge of the ‘ Agricultural Education 
in Elementary Schools Bill,’ now before 
Parliament, have been approached with a view 
to the inelusion of meteorology among the 
subjects taught in such schools. The scheme 
as a whole provides for bringing meteorological 
knowledge to the doors of societies and insti- 
tutions all over Great Britain. It is also pro- 
posed to hold conferences in London, at which 
delegates from various societies shall be in- 
vited to speak. The whole plan shows a 
healthy activity on the part of the Royal 
Meteorological Society. 


TROPICAL CYCLONES. 

Tue cyelones of the tropics are of universal 
interest because of their violence; they are of 
peculiar interest to meteorologists because of 
their importance as phenomena having the 
closest relatiuns to human life and safety, and 
because of the doubt as to their origin, which 
gives them an added attraction in the mind 
of the student. One of the noteworthy efforts 


to come to a fuller understanding of the fre- 
quency, tracks and wind movements in trop; 
ical cyclones is a recent paper by A. Schiick, 
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of Hamburg, entitled ‘Zur Kenntniss der 
Wirbelstiirme’ (Hamburg, 1905, 4to, pp. 48). 
This account is accompanied by a large num- 
ber of illustrations, including some most inter- 
esting pressure curves, although the diagrams 
are crudely drawn and rather difficult to make 
out. 


CLIMATIC CHANGES IN CENTRAL AFRICA. 


A coop deal of evidence has been adduced 
within the last two or three years regarding 
a desiccation of the lakes of central Africa, 
and the view has come to be somewhat gen- 
erally held that a distinct change to a drier 
climate is in progress. Now comes the report 
(Globus, No. 5, 1905) that Lake Rukwa, to 
the east of Lake Tanganyika, has risen within 
two years. Such contradictory reports show 
the need of great caution in jumping at con- 
clusions of climatic change. Periodic changes 
in the amount of annual rainfall are well 
known, but they do not indicate permanent 
climatic changes progressively in one direc- 
tion. 


COTTON-GROWING IN TROPICAL AUSTRALIA. 


THE evolution of a marketable type of cot- 
ton which has been named caravonica, adapted 
for growth in the climate of Queensland, holds 
out the hope of a large cultivation of cotton 
not only in Queensland, but through the whole 
of the tropical section of Australia north of 
latitude 18° S. (Bull. Amer. Geogr. Soce., 
XXXVIT., No. 4, 1905). 


HURRICANES, COCOA TREES AND EXPORTS OF GUAM. 


A RECENT report, ‘Contributions from the 
United States National Herbarium,’ Vol. IX., 
by W. E. Safford, under the special title, ‘ The 
Useful Plants of Guam,’ notes the damage 


done by hurricanes which pass near the island 


of Guam. In 1900, the destruction caused by 
two hurricanes resulted in a dearth of food, 
and nearly $10,000 was spent by the govern- 
ment for the relief of the natives. One of 
the most serious results is the stripping of 
cocoa trees of their leaves, which may cause 
a failure of the trees to produce. In 1901, 
after the hurricanes above noted, not an 
ounce of copra was produced in Guam, this 
being practically the only export of the island. 














252 
EXPOSURE AND CROPS IN SWITZERLAND. 
NUMBERLESS examples may be given to show 
the difference of exposure, on southern and 
northern slopes, upon the vegetation. A re- 
illustration is noted in La 
3, 1905, and described in the 


striking 
No. 
Bulletin of the 
ciety for July. 
near Zerm 
grown at an altitude of 6,900 feet above sea 


cent 
Géograp! le, 
American Geographical So- 
Above the hamlet of Findelen, 


att, in the Alps, barley and rye are 


level, on a sunny southern slope. On the 
northern slopes, a few hundred yards distant, 
there is an aretic-alpine flora, with patches 
of snow lying below the level of the fields of 
grain on the southern slope. 


R. DeC. Warp. 


ACTA OF THE INTERNATIONAL CONVEN-} 
TION OF THE INTERNATIONAL CATA- 
LOGUE OF SCIENTIFIC LITERATURE. 
Tuesday, July 25, at 11 


\.M., at the rooms of the Royal Society. 


OPENING meeting: 


1. Professor Darboux moved that Professor 
IH. KE. Armstrong be the chairman of the con- 
The 


unanimously, Professor H. E. Armstrong took 


vention. motion having been carried 
the chair and weleomed the delegates. 

2. On motion of the chairman, at the re- 
quest of the Royal Society, Mr. A. B. Kempe, 
treasurer of the Royal Society, and Dr. L. 
Mond, 
were invited to take part in the deliberations 


member of the executive committee, 


of the convention. 

5. On the motion of the chairman it was 
resolved: That Dr. J. Deniker be the secretary 
for the French language; Professor Dr. August 
von Bohm, secretary for the German language; 
Cay. E. Mancini, secretary for the Italian lan- 
guage, and Dr. Hl. Forster Morley, secretary 
for the English language. 

t. On the motion of the chairman, seconded 
by Dr. 
view of the suecess already achieved by the 
International Catalogue of Scientific Litera- 


Stejneger, it was resolved: That, in 


ture and of its great importance to scientific 
workers, it is imperative to continue the publi- 
eation of the eatalogue at least for a further 
period of five years. 

5. On the motion of the chairman, seconded 
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by AM. Darboux, it was resolved that Dr. H. 
Forster Morley be reappointed director of the 
catalogue at a salary of- £500 per annum. 

6. On the motion of the chairman, seconded 
by Dr. Deniker, it was resolved: That the con- 
vention authorizes the annual expenditure of 
a sum not exceeding £2,000 (in addition to the 
director’s salary), for carrying on the work 
of the Central Burean. 

Second meeting: Wednesday, July 26, at 10 
A.M., at the rooms of the Royal Society. 

7. On the motion of M. 
resolved: That 


Darboux it was 
in view of the resolution ar- 
rived at to continue the catalogue for a further 
period of five years, the Royal Society of Lon- 
don be requested: (a) Again to act as the 
publishing body; (b) to conclude a contract 
with Messrs. Harrison and Sons to print the 
catalogue on the terms indicated in the report 
of the executive committee; (c) to make such 
provision of working capital as may be desir- 
able in the opinion of the executive committee. 

8. On the of Dr. 
unanimously resolved: That as it is undesir- 


motion Larmor it was 
able to inerease the borrowed capital of the 


International Catalogue, contracting bodies 
be informed that in cases where payment in 
advance is impracticable it is necessary that 
payment should be made for each volume as 
soon as possible after delivery. That the 
director be instructed, in making such special 
requests for payment as the executive com- 
mittee may determine, to send a copy of this 
resolution with his request. 

9. On the motion of the chairman it was 
resolved: That the convention approves of the 
proposal for an amalgamation of the Zoolog- 
ical Record published by the Zoological So- 
ciety of London with Volume N of the Inter- 
national Catalogue in accordance with para- 
graph 24 of the report, and authorizes the 
executive committee to carry the proposal into 
effect. 

10. On the motion of Dr. Stejneger it was 
resolved: That it is the desire of this conven- 
tion that the executive committee, as soon as 
practicable, take into consideration the ques- 
tion of issuing ecards. 

11. On the motion of Dr. Stejneger, sec- 
onded by Dr. Deniker, it was resolved: That 
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the reports of the committee of schedules be 
adopted. 

12. On the motion of the chairman it was 
resolved: That the report of the executive 
committee be adopted and that all matters 
therein not dealt with by this convention be 
remitted to the executive committee with 
power to act thereon. 

13. On the motion of Professor Korteweg, 
seconded by Dr. Deniker, it was resolved that 
thanks be given to Professor Armstrong for 
presiding over the convention. 

Ilexry E. Armstrone, D. G. Méraxas, 

Oskar UnHLWworM, J. DENIKER. 

DD). J. Korrewec, D. Prat, 

Aveust v. Boum, R. Nastnt, 

LLEONHARD STEJNEGER, ERNESTO MANCINI, 

I. Boropin, KX. MatrsuBaRa, 

RoLtanp TRIMEN, G. Darpovux, 

Pact OTLET, Francisco A. pe Icaza, 

Hi. La Fontaine, J. Larmor. 
SCIENTIFIC NOTES AND NEWS. 

\lasorn Roxatp Ross and Dr. Rubert Boyce, 
of the Liverpool School of Tropical Medicine, 
have arrived in this country to cooperate with 
the authorities at New Orleans in suppressing 
the epidemic of yellow fever. 

Sir Patrick MANson, medical adviser to the 
IKnglish colonial office, arrived at San Fran- 
cisco on August 14 to deliver a course of 
lectures on tropical diseases at the Lane Hos- 
pital. 

Proressor Joun M. Coutter and Dr. H. C. 
Cowles have leave of absence from the Univer- 
sity of Chicago, and expect to spend the au- 
tumn and winter in Europe, returning to the 
university in April. Professor Charles R. 
arnes, who has been spending six months in 
Europe, will return to Chicago for the autumn 
quarter. 

Dr. Oriver L. Fassia, of the U. S. Weather 
Bureau and the Johns Hopkins University, 
has returned to this country from his Arctic 
voyage in search of Captain Fiala. 


Dr. W. Wyss ine, professor of electrical en- 
gineering in the Zurich Polytechnicum, was 
expected to arrive in New York this week to 
study developments of electrical engineering. 
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Mr. Jesse M. Greenman, of Harvard Uni- 
versity, has been appointed assistant curator of 
the Department of Botany of the Field Colum- 
bian Museum. 


Dr. R. von Werttstern, professor of botany 
at the University of Vienna, has been elected 
a member of the Academy of Sciences at 


Madrid. 


WE learn from The British Medical Journal 
that Dr. Paul Richer, member of the French 
Académie de Médecine, and one of the editors 
of the Iconographic de la Salpétriére, has been 
elected a member of the Paris Academy of 
Fine Arts. Dr. Richer is professor of anatomy 
at the Ecole des Beaux Arts, but he owes the 
honor which has been conferred upon him to 
his distinction as a sculptor. 


THe Pharmaceutical Journal says that the 
research fellowship in chemistry offered by the 
Company of Salters, and tenable in the re- 
search laboratory of the Pharmaceutical So- 
ciety, has this year been awarded to Miss Nora 
Renouf, who has been engaged in original in- 
vestigations for the past two years in the so- 
ciety’s laboratories as holder of the Redwood 
and the Burroughs scholarships. 


Nature states that the editorship of the 
‘Fauna of British India,’ rendered vacant by 
the death of Dr. W. T. Blanford, has been 
offered by the secretary of state for India to 
Lieut.-Colonel C. T. Bingham. 


A MEMORIAL window has been placed in St. 
John’s in the Wilderness, Paul Smith’s, in the 
Adirondacks, in memory of the late Dr. Ed- 
ward L. Trudeau, Jr. 


Dr. Louis H. Laupy, tutor in general chem- 
istry in Columbia University; died in New 
York on August 17. Dr. Laudy was a fellow 
of the American Association for the Advance- 
ment of Science and of the New York 
Academy of Sciences. 


Dr. Lyman Hatt, president of the Georgia 
School of Technology, Atlanta, died on August 
17 at the age of forty-five years. He was a 
graduate of the West Point Military Academy 
and became professor of mathematics in the 
Georgia School of Technology in 1888. 











3 








M. Bicuat, professor of physics and dean 
of the faculty at Nancy, died on July 26, at the 
age of sixty years. He was a correspondent 
of the Paris Academy of Sciences, and a mem- 
ber of the council of public instruction. 

Mr. Curistoruer Heatu, a well-known Brit- 
ish surgeon, emeritus professor of clinical sur- 
gery in University College, London, died on 
August 8, at the age of seventy years. 

Proressor L. Errera, who held the chair of 
botany at the University of Brussels, died on 
August 1. 

Ir is reported in the daily papers that a 
seventh satellite of Jupiter has been observed 
at the Lick Observatory. 

Tur first telegraphic longitude station in 
Labrador has been established at Chateau Bay 
by Dr. Otto Klotz, Dominion astronomer, in 


conjunction with Sir William Macgregor, 


governor of Newfoundland. 

Tue International Congress of Anatomy was 
opened at Geneva, on August 7, in the pres- 
ence of 300 representatives of the principal 
universities of Europe and America. Dr. 
Kternod, of Geneva, delivered the opening 
speech. The meeting then entered upon the 
business to be dealt with, under the presidency 
of Mr. Symington, of Belfast. The congress 
hes aecepted the invitation to assemble at 
Boston in 1907. 

Tue seventh meeting of the International 
Congress of Hydrology, Climatology, Geology 
and Physical Therapeutics will be opened at 
Venice on October 10 under the honorary presi- 
deney of the Italian Minister of Public In- 
struction, and the acting presidency of Pro- 
fessor A. De Giovanni, of the University of 
Padua, senator of Italy. 

Tue International Earthquake Conference 
met at Berlin on August 15. Dr. Theodor 
Lewald, who was the German commissioner 
general to the St. Louis Exposition, was 


elected chairman. 

Tue Latin American Scientific Congress was 
opened on August 8, delegates from all the 
South American Republics being present. 

Tue ninth Northern Congress of School- 
masters was opened in the town-hall at Copen- 
hagen, on August 10. There were present 
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about 7,000 schoolmasters, teachers, instruct- 
ors and professors, Denmark sending 3,500. 
Sweden over 2,000, Norway 1,000, and Finland 
nearly 400. Teachers of every kind are 
represented, from the poorest village school- 
masters to university professors. 

THe membership enrolment of the National 
Educational Association at the forty-fourth 
annual meeting, held at Asbury Park, from 
July 3 to 7, is officially reported to be 20,941. 

We learn from The Botanical Gazette that 
a new botanical institute, well arranged for 
research and instruction, has recently been 
completed for Professor R. Wettstein in the 
Imperial Botanical Gardens in Vienna. 

Tue Brilish Medical Journal states that a 
medical group has recently been formed in the 
Italian Parliament. The members are Drs. 
Agnetti, Angiolini, Baccelli, Badaloni, Basetti, 
Botteri, Cacciapuoti, Campi, Cantarano, Cas- 
ciani, Castellino, Ciartoso, Faranda, Fazzi, 
Fede, Gatti, Lampiasi, Licata, Maresea, Ma- 
sini, Masselli, Pianese, Queirolo, Rampoldi, 
Rummo, Sanarelli, Santini, Santoliquido, 
Scellingo and Tinozzi. The new group, which 
recently held its first meeting, will direct its 
efforts to influencing all legislation relating to 
public health and the legitimate interests of 
the medical profession. Under the auspices 
of the group, a general congress of the medical 
practitioners, poor-law medical officers, phar- 
macists and veterinarians of Italy, to discuss 
questions affecting professional interests, will 
be held in Rome in November. 

Tue Annales de l'Institut Pasteur state that 
the number of persons treated for hydrophobia 
in Paris during the year 1904 was 755, of 
whom three died, the rate of mortality being 
39 per cent. For the last ten years the rate 
of mortality has ranged from .18 per cent. in 
1902 to .39 per cent. in 1897 and 1904. The 
department of the Seine (Paris) furnished the 
largest contingent (233) of persons bitten, the 
departments which came next in order being 
the Finistére (50), the Corraéze (28), the 
Vendée (27), the Loire Inférieure (26), the 
Lot (25), the Cher and the Deux Sévres (21). 

Tue final results of the Russian census of 
1897 are still appearing at intervals. Among 
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‘he latest figures published by the Statistical 
Department are the following: The total popu- 
lation of the Russian empire (excluding Fin- 
land), on May 10, 1897, was 126,586,525. Of 
these 87,123,604 were members of the Orthodox 
Church. Old Believers and other sections 
number 2,204,596; Mahomedans, 13,906,972; 
Roman Catholics, 11,467,994; Jews, 5,215,805 ; 
Protestants (Lutherans), 3,572,653. <A divi- 
sion of the population on the basis of classes 
vives the following results: Hereditary nobles, 
1.220.169; nobles for life, or by virtue of office, 
630,119; priests of all Christian denomina- 
tions, 588,947; honorable citizens, 342,927; 
merehants, 281,179; burgesses, 13,386,392; 
peasants, 96,896,648; Cossacks, 2,928,842; for- 
eigners, 8,297,965 (this figure includes con- 
siderable numbers of the subject population). 
illiterates numbered 99,070,436 (79 per cent.) ; 
literates, 26,569,585. Students at the uni- 
versities and other institutions for higher edu- 
eation numbered 104,321. 

AccorpiInc to a report, made by Dr. E. 
O. Hovey, for the U. S. Geological Sur- 
vey, the production of salt in the United 
States during 1904 was 22,030,002 barrels (of 
280 pounds), valued at $6,021,222, as compared 
with 18,968,089 barrels, valued at $5,286,988 
in 1903. This is the largest production ever 
reported except in 1902, but the average net 
price per barrel (27.332 cents) is lower than 
that reported in 1903 (27.873 cents) or in any 
previous year, with the exception of 1902, 
when the average net price realized was only 
25.769 cents a barrel. The most noteworthy 
feature of the year 1904 was the increase of 
1,195,620 barrels in the production of rock 
salt. This inerease was due in large part to 
the expansion of the salt industry of Loui- 
siana, where rock salt is easily and cheaply 
mined in the ‘mounds’ which occur in the 
southern part of the state. The chief salt- 
producing States are New York and Michigan, 
and the combined output from these two States 
amounts toabout two-thirds of the total produc- 
tion of the United States. The five leading 


salt-producing states during 1904 were New 
York, 8,600,656 barrels (39.04 per cent.); 
Michigan, 5,425,904 barrels (24.63 per cent.) ; 
Ohio, 2,455,829 barrels (11.15 per cent.) ; Kan- 
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sas, 2,161,819 barrels (9.81 per cent.), and 
Louisiana, 1,095,850 barrels (4.97 per cent.). 
The actual consumption of salt in 1904 was 
23,116,971 barrels, or about 2.46 times what it 
was in 1880. The imports of salt in 1904 
amounted to 332,279,481 pounds. Great Brit- 
ain contributed 98,943,611 pounds, worth $301,- 
696; Italy 106,060,288 pounds, valued at $75,- 
756; Canada 11,102,273 pounds, valued at $27,- 
529; West Indies 105,160,371 pounds, worth 
$89,878; and other countries 20,882,959 pounds, 
valued at $20,371. The total value of all the 
imported salt was thus $515,230. It will be ob- 
served that while the value of the salt imported 
from Great Britain was more than 58.5 per 
cent. of the total value of imports for the 
year, the quantity received from that country 
was only about 28.9 per cent. of the total 
amount of salt imported. The West Indies 
and Italy both exceeded Great Britain in the 
quantity of salt exported to the United States, 
but it was all of coarse grades, and conse- 
quently of low valuation. 

A press bulletin of the Forest Service says 
that the annual value of the staves, hoops and . 
heads made by the mills of the United States 
is over $20,000,000. It is estimated that more 
than 300,000 barrels, kegs, tubs and similar 
articles are manufactured daily in the United 
States. Until a very recent date the woods 
chiefly used for cooperage were the slow-grow- 
ing hardwoods such as oak, elm, maple, ash, 
beech and birch, but within the last few years 
cottonwood, poplar, and latterly gum, have 
been substituted to some extent, owing to the 
diminishing supply of the species first ex- 
ploited. The depletion of the supply of raw 
material is felt strongly by the manufacturer, 
who finds it yearly more difficult to obtain good 
stock. This is especially true for white oak, 
since the maker of tight cooperage must often 
refuse stock which a furniture maker would 
consider first-class material. Two factors have 
contributed to bring about this condition— 
first, the increase in the cooperage manufac- 
ture, which has developed enormously in the 
past quarter century; and, second, the ex- 
tremely wasteful methods employed in cutting, 
which have left the forest in a deplorable con- 
dition, and often wasted more material than 
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was used. Cutting for cooperage purposes is 
far more wasteful than is ordinary lumbering. 
The Forest Service in taking up this question 
aims to make its investigations of practical 
value to the cooperage industry and its oper- 
ators. It is planned to bring together in- 
formation regarding the supply of raw ma- 
terial, and the best methods of manufacture, 
and the ill effects of wasteful methods on the 
forest and possible remedies for them. Par- 
ticular attention will also be given to a study 
of the properties of woods, with the view of 
recommending substitutes which are more 
abundant than the species now used for cooper- 
age. 

A PARLIAMENTARY paper has been issued con- 
taining the report of his majesty’s astronomer 
at the Cape of Good Hope to the secretary of 
the admiralty for the year 1904. According 
to an abstract in the London Times the report 
makes a sympathetie reference to the death of 
Mr. Frank McClean, to whose generosity the 
observatory owes the Victoria telescope, with 
its observatory, dome and many valuable ad- 
juncts. After referring to the work in con- 
nection with the new transit circle and the 
new sidereal clock, the report states that owing 
to an unfortunate accident, which occurred 
during the absence of the regular observers, 
the driving worm and sector of the Victoria 
telescope were damaged, and the moving por- 
tion of the instrument, including the Polar axis 
and telescope tubes, had to be raised in order 
to remove the damaged sector. The driving 
worm of the sector and slow-motion gear were 
sent to Sir Howard Grubb for alteration and 
repair early in November. Sir Howard Grubb 
promised to send off the repaired sector by the 
end of January, together with an electro- 
motor giving ‘quick slow motion’ in R.A., a 
much-needed adjunct for facilitating the pla- 
cing of the image of the star on the slit. In 
consequence of this accident the new objective 
prism had not yet been tested. Details of 
astronomical observations are given, and the 
report says that the astronomer has, at the re- 
quest of the Colonial governments, generally 
superintended the geodetic survey of South 
Africa and taken a prominent part in the 
preparation of arrangements for the establish- 
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ment of a central office to complete the geodetic 
and topographic survey of British South 
Africa south of the Zambesi. The negotia- 
tions for that purpose are now nearly com- 
pleted, and the whole will be placed under the 
charge of Colonel Morris, whose name has so 
long and so honorably been connected with 
the survey of South Africa. Though the 
admiralty is not connected with this impor- 
tant work, details of the proceedings of the past 
year are included in this report, as no other 
record of its progress is issued. 


UNIVERSITY AND EDUCATIONAL NEWS. 


Dr. Ext McCutsm has resigned the presi- 
dency of the University of the Pacific. 

Mr. C. M. Jansky, of the Bureau of Stand- 
ards, formerly of the University of Michigan, 
has been appointed professor of electrical en- 
gineering at the University of Oklahoma. 

Mr. Apert 8S. Rircuey, of Indianapolis, 
Ind., has been appointed assistant professor 
of railroad engineering at the Worcester Poly- 
technic Institute. 

Dr. J. FE. Ives, of the De Forest Wireless 
Telegraph Company, has been appointed as- 
sistant professor of physics in the University 
of Cincinnati. 

Dr. W. M. Twrrcnett has been appointed 
professor of geology in South Carolina Col- 
lege. 

The Psychological Bulletin states that Dr. 
Williston S. Hough, formerly of the Univer- 
sity of Minnesota, has been appointed pro- 
fessor of philosophy in George Washington 
University. 

Dr. Tuomas W. Mircuett, instructor in 
accounting and finance in the University of 
Pennsylvania, has been appointed assistant 
professor of finance and accounts in the School 
of Commerce in New York University to suc- 
ceed Professor Henry W. Mussey, who goes 
to Bryn Mawr College. 

Mr. Grorce F. Lams has been appointed 
professor of biology in Mt. Union College, 
Ohio. 

Dr. WituetM Deeke has been promoted to 
a chair of mineralogy at Griefswald. 





